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Heat Recovery from Natural Gas Liquefaction Process
Abstract
This project recommends several possible processes which expand and improve upon an existing section of a
natural gas liquefaction plant. The section in question involves the combustion of the effluent fuel from the
liquefaction process to produce usable work that drives the overall process. The existing process involves a
simple gas turbine, which utilizes a Brayton cycle to convert combustion heat to shaft work.
While the existing platform successfully provides power to the overall liquefaction process, the gaseous
exhaust from this process leaves the system at elevated temperatures. The processes presented in this project
seek to recover the heat that is lost through the exhaust and therefore, improve the thermodynamic efficiency
of this system. Additionally, these processes more rigorously meet environmental standards concerning flue
gas compositions and temperatures. Seven such processes are presented in this report. Each of these provides
a net of 40MW, the required power to drive the liquefaction process, while performing at higher
thermodynamic efficiencies than the simple gas turbine process.
Rigorous economic analyses were performed for each of the presented processes. One recovery system has a
lower net present value (NPV) than that of the simple gas turbine, four have approximately equal NPVs, and
two systems have significantly better NPVs than that of the simple gas turbine. The optimal system has an
NPV of $22 million and an internal rate of return (IRR) of 28.2% versus the simple gas turbine with an NPV
of $12.3 million and an IRR of 20.3%. Further analyses of the economic and pricing assumptions may be
required before final project approval.
This working paper is available at ScholarlyCommons: http://repository.upenn.edu/cbe_sdr/40
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University of Pennsylvania 
School of Engineering and Applied Science 
Department of Chemical & Biomolecular Engineering 
220 South 33rd Street 
Philadelphia, PA 19104 
April 11, 2012 
Dear Mr. Fabiano, Dr. Shieh, and Mr. Brostow, 
 Enclosed are our proposed process designs for the recovery of heat from a natural gas 
liquefaction plant, as specified in a problem statement by Mr. Adam Brostow of Air Products 
and Chemicals. We have modeled the simple gas turbine (Brayton cycle) process that is currently 
in place in these LNG plants, as well as the combined cycle solution which is considered to be 
prohibitively expensive, as mentioned by the problem statement. We have then developed six 
additional designs to achieve the required heat recovery, while producing 40 MW of power to 
drive the LNG process in the plant. 
 The following report details each of the eight processes, the equipment needs of each 
process and estimated costs, the power requirements of each piece of equipment, and a detailed 
economic analysis of each process. The top two processes are then discussed more in-depth to 
determine an optimal solution. The optimal solution replaces the simple gas turbine in the 
Brayton cycle with a high pressure steam turbine. 
 Our optimal solution yields a net present value of $22 million, with an internal rate of 
return of 28.2%. Detailed economic analyses, including sensitivities to key assumptions, have 
been included as well. Environmental concerns and positive impact have also been addressed. 
 
Sincerely, 
 
__________________________    __________________________ 
Michelle Calabrese      Kaitlin Douglass 
__________________________    __________________________ 
Brendan Orinstein      Kritithy Vasansiri 
 
    __________________________ 
    Marisa Wang
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Abstract
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This project recommends several possible processes which expand and improve upon an 
existing section of a natural gas liquefaction plant.  The section in question involves the 
combustion of the effluent fuel from the liquefaction process to produce usable work that drives 
the overall process.  The existing process involves a simple gas turbine, which utilizes a Brayton 
cycle to convert combustion heat to shaft work.   
While the existing platform successfully provides power to the overall liquefaction 
process, the gaseous exhaust from this process leaves the system at elevated temperatures.  The 
processes presented in this project seek to recover the heat that is lost through the exhaust and 
therefore, improve the thermodynamic efficiency of this system. Additionally, these processes 
more rigorously meet environmental standards concerning flue gas compositions and 
temperatures.  Seven such processes are presented in this report.  Each of these provides a net of 
40MW, the required power to drive the liquefaction process, while performing at higher 
thermodynamic efficiencies than the simple gas turbine process.   
Rigorous economic analyses were performed for each of the presented processes.  One 
recovery system has a lower net present value (NPV) than that of the simple gas turbine, four 
have approximately equal NPVs, and two systems have significantly better NPVs than that of the 
simple gas turbine. The optimal system has an NPV of $22 million and an internal rate of return 
(IRR) of 28.2% versus the simple gas turbine with an NPV of $12.3 million and an IRR of 
20.3%. Further analyses of the economic and pricing assumptions may be required before final 
project approval. 
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Introduction and Background 
Information
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Introduction 
This project has been commissioned to explore the feasibility and reduced environmental 
impact of recovering heat from a natural gas liquefaction plant. Traditional plants include on-
land and offshore applications. Current plant designs release gaseous species at upwards of 
900°F into the atmosphere. Not only is this heat left unutilized, but also the impending 
probability of new environmental regulations makes this heat recovery imperative. Additionally, 
the current system that utilizes excess air releases high amounts of NOx, which will also need to 
be addressed due to current emissions regulations. With the recent pick-up of the environmental 
movement, this project is extremely important for the continued success and growth of LNG as a 
fuel source. 
Project analysis will primarily be based on economic feasibility of added heat recovery 
methods. Additionally, heat release and NOx emissions will be examined for all possible 
alternatives to the current platform. Potential changes or additions to the current platform 
scenario are included. Alternatives will be recommended on the basis of changing environmental 
standards. Lastly, sensitivities to the economic assumptions used will be presented and used to 
make final recommendations. 
 
Background Information 
 
The process designed for this project is an LNG production plant that could be installed 
on-land or offshore onboard a ship. However for the purposes of deciding an optimal case, it was 
assumed that the plant in question was near to the shore, in a cold environment such as Northern 
Europe or the colder regions of North America. The offshore application is especially important 
to some of the largest LNG distributors with limited land access: Qatar was the world’s largest 
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LNG distributor in 2007 and has grown in distribution since, yet is lacking in land space for plant 
installation. The liquefaction process consumes a large amount of energy, but the process is 
beneficial for storage and transportation. LNG consumes only 1/600th of the volume of its 
gaseous form. A recent surge in LNG production has been observed over the past decade, and 
successful recovery of the heat from the gas turbine would help supplement the high costs of 
liquefaction.  
After the flash process in natural gas liquefaction, a methane-based effluent, with a small 
amount of ethane, is produced in addition to the LNG. This fuel is compressed and combusted to 
carry out the Brayton cycle. The combustion reaction is as follows: 
CH4 + C2H6 + 
11 
2
O2  3CO2 + 5H2O   (1) 
The heat of combustion of this reaction is 21,479 Btu/lb-fuel. The energy produced using 
a gas turbine is used to fuel the LNG process. One of the most efficient additions to this cycle for 
heat recovery is adding a combined cycle to drive a steam turbine using the excess heat from the 
gas turbine. Under most operating conditions, the combined cycle is written off as a viable 
alternative due to prohibitive costs. Some LNG terminals, such as the DESFA LNG Terminal 
Revithoussa, directly recover heat for use in other parts of the plant1. Other terminals, like the 
Adriatic LNG terminal, use the several turbine and generator systems to produce electricity2. 
Operational constraints arise when the offshore versus onshore factors are considered. 
Steam production and sales could be a viable opportunity for a land-based plant, but is only 
feasible up to the amount of steam needed in the plant in an offshore operation.  Offshore plant 
development is crucial for the expansion of the LNG industry, as this development takes 
advantage of offshore natural gas reserves that cannot be reached without offshore technologies. 
In addition to onshore and offshore considerations, process lifetime must be determined before 
 10  
 
moving forward with the project. In typical cases, LNG liquefaction ships are designed for a 20 
to 25 year docking period, with only transportation vessels returning to shore with LNG product. 
In land applications, plants are designed for lifetimes of 20 to 30 years. To keep the project on 
the same lifetime basis and to keep the project applicable to both off-shore and land applications, 
a study period of 21 years will be used for this project.  
The demand for LNG has been sharply increasing over the past decade. In the European 
Union, the demand for natural gas has been projected to increase 43% from 2005 to 2030. 
Additionally, LNG demand in Europe and Asia has greatly risen since the Fukishima nuclear 
disaster3. Therefore, further development of LNG plant heat recovery could be profitable and 
necessary with environmental constraints that could arise due to expansion of these plants 
worldwide.   
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Market and Competitive 
Landscape
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Natural gas is the second-leading energy source in the world, behind oil. Natural gas use 
is becoming increasingly more important in the environmentally-conscious world, as its 
combustion releases 29% less carbon dioxide than oil and 44% less than coal per Btu of energy 
input.  Furthermore, the natural gas combustion releases 79% fewer nitrous oxides and 99.99% 
fewer sulfur dioxides than oil and coal per Btu of energy 4 . Natural gas accounts for 
approximately 24% of global energy production5. Natural gas consumption is also on the rise in 
the United States, Europe and Asia. Figure 1 (page 12) details the rising United States’ historical 
consumption of natural gas6. With increasing demand, the heat recovery technology developed in 
this project will become more vital. 
 
Figure 1: United States’ Natural Gas Consumption from the 1950s. 
 
 Many factors are contributing to increased worldwide natural gas demand, and as natural 
gas prices rise and LNG production costs fall, LNG gains a larger share of the world natural gas 
Figure 2: Proved World Gas Reserves, January 2003  
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market. As of 2006, international production of natural gas totaled 103.97 trillion cubic feet (tcf)  
with Eurasia producing the highest of any region at 29.46 tcf closely followed by North America  
with 26.76 tcf, Asia with 12.96 tcf and Europe and the Middle East with approximately 11.95 tcf 
each6. Of this total natural gas production, the market share of LNG production was 
concentrated in specific regions. The Pacific Basin, led by Indonesia, is the world’s largest 
exporter of LNG, representing 49% of total international exports. The Atlantic Basin and the 
Middle East then each contribute approximately 25% of total international exports. As new LNG 
projects are added in Australia, Russia, Norway and Egypt, the total amount of LNG produced 
approaches 10% of global natural gas consumption and the market for LNG exports and imports 
grows larger6. 
  Regarding natural gas importers, Japan, South Korea and Taiwan represent 68% of the 
market compared to the US market of only 4%. Currently, the higher production cost of LNG 
creates an economic crossover point at which LNG transported via tanker for import is cheaper 
than natural gas transported through pipelines; this crossover exists once travel length reaches 
2000 km for offshore pipelines and 3800 km for onshore pipelines. However, as seen in Figure 2, 
countries such as the US with small amounts of world total natural gas reserves will increasingly 
turn to LNG imports as a viable alternative as demand grows6.  
With respect to the US natural gas markets, the supply and demand patterns for natural 
gas can be analyzed. Overall, it can be expected that as US demand increases and the ability for 
the US to supply necessary amounts of natural gas decreases, the market for LNG imports will 
grow. Furthermore, for LNG plants concentrated in the gulf coast regions of the US, increased 
demand will make domestic use of LNG a viable option especially for transcontinental delivery 
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distances approaching the economic crossover point. Currently, the US receives the majority of 
its LNG imports from Trinidad and Tobago, Qatar and Algeria.  
US demand is affected by both short and long term factors. In the short term, there is a 
highly cyclical demand for natural gas as it currently serves as primary source of heating energy 
and is needed primarily in the winter months. Additionally, the demand is highly influenced by 
overall economic patterns; for example, during the recession of 2008, domestic natural gas 
consumption fell 7%. In the long term, the US Energy Information Administration (EIA) predicts 
that by 2035, an additional 223 gigawatts of new electric generation capacity will be needed in 
the US and the amount of natural gas fired electric generation will increase from 16% in 2002 to 
24% in 2035. The shift to natural gas fired electric generation is due to both deregulation of the 
natural gas industry and increased regulations on total energy efficiency (TEE). Because natural 
gas loses very little of its heating value before end use, it has a much higher TEE than coal fired 
electricity generation. Additionally, the majority of excess energy needs will need to be met with 
incremental generational changes; natural gas is a more flexible alternative to coal and nuclear 
plants which are limited to large scale construction with very high capital investment costs6.  
US supply is limited by short term barriers such as availability of skilled workers and 
manufactured equipment as well as the process of permitting and well development prior to 
construction of new natural gas production facilities. In the long term, the primary restraint is 
onshore and offshore access to natural gas reserves. Much of the US supply of natural gas is 
found in places such as the Rocky Mountains or far offshore making exploratory costs very high.  
Finally, current pipe infrastructure creates ceiling to the amount of natural gas that can be 
transported and additional pipeline will need to be added at a rapid pace to keep up with 
demand6. 
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Energy prices play a key role in determining the feasibility of the potential heat recovery 
options. The relative costs and demands of electricity, cooling water and process water to form 
steam will determine the best alternative heat recovery option for the plant. Depending on the 
economy and demand for electricity, selling generated electricity back to the grid can earn 
anywhere between $.04 and $.06 per kWh. However due to the nature of this project, electricity 
will not be sold back to the grid, and all processes will be scaled back to 40 MW. As the 40 MW 
is the required shaft work to drive the LNG process, there will be no excess electricity. However, 
in order to perform economic analyses, the fuel input and electricity output will be bought and 
sold because no information was available about the rest of the plant. Therefore, for this project, 
electricity was assumed to be sold for $.05 per kWh. Even with fluctuating electricity prices, the 
results from the study of which case is optimal would not change because all are selling 40 MW.
 16  
 
Innovation Map 
 17  
 
 The project undertaken to determine the most economical and efficient heat recovery 
cycle for the natural gas liquefaction process is both technologically and market driven. 
Technologically driven aspects of the process design include 1) the use of high-temperature and 
high-pressure steam and gas turbines drastically increases the efficiency from approximately 
40% for low-temperature and low-pressure turbines to 90% efficiency, and 2) the use of low NOx 
burners which allows less production of NOx. The process design is also market driven by 
customer value proposition such as 1) production of electricity, 2) high efficiency, high recovery 
process, 3) low NOx and carbon dioxide emissions, and 4) economic viability. The challenge of 
the design process is to use technical differentiation items to deliver customer value proposition 
in an innovative and feasible way. The design process, as seen in Figure 3, considers a 
combination of different recovery cycles including the combined cycle and the Poor Man’s 
combined cycle with variations on steam generation, compressor intercooling, and stream 
reheating.   
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Aspen Simulation Specifications
 20  
 
In this project, Aspen Plus, V7.3 was used. All simulations should be run in this version 
of Aspen to avoid compatibility issues. In all models, the Peng-Robinson property method was 
used. The Peng-Robinson equation of state became the most widely used property methods for 
natural gas systems in the 1970s, which is why it was chosen for use in this project7. In all 
models, RGibbs was used as the reactor model. RGibbs was chosen over RStoic, because RStoic 
asks for an extent of reaction in the reactor that may not be known in a real plant situation. 
RGibbs, on the other hand, takes into account side reactions that may not be known. 
Additionally, this model uses Gibbs free energy minimization to determine the product 
composition at which the Gibbs free energy of the products is at a minimum 8 . For heat 
exchangers, MHTX was used for two reasons. In one case, there were multiple hot streams 
entering the heat exchanger, which required the use of MHTX. In order to stay consistent 
between cases, MHTX was used in all cases. Additionally, MHTX performs internal zone 
analysis that other heat exchangers do not do, which shows the pinch point in all exchangers. 
Using this information, the water flow rates could be adjusted to shift the pinch point to extract 
the most heat from the hot streams. 
 All solutions to this project used a design specification to determine that the net power 
produced by this section of the plant was at 40 MW. The 40 MW was required to run the 
liquefaction process of the plant, and therefore the project production had to have a net of 40 
MW in order to satisfy the requirements of the LNG plant. Net power was defined as the 
difference between the negative work (positive power output) produced by the turbines and the 
positive work (power consumed) of the compressor and the pumps used in the system. The 
change in condenser duty was specified in the utilities section, and was not factored into net 
work.  
 21  
 
 Additional design specifications were used throughout the project to optimize the 
conditions in each solution. Design specifications were used to change incoming air and/or fuel 
flow rate to ensure that the outlet products from the combustion chamber were at 1,940 °F. In the 
boiler cases, a design specification was used to ensure that the air flow rate always contained 5% 
excess to carry out the combustion reaction. Design specifications were also used for the boiler 
flow rates to ensure that there was always a minimum of a 50 °F temperature approach, and that 
the steam products exited at a temperature as high as possible for turning the steam turbine.  Heat 
exchanger minimum temperature approaches were also specified by varying the water flow rate 
in or the outlet temperature of the hot side, depending on which was more advantageous in the 
particular solution considered. Lastly, calculator blocks were put in all models to ensure the 
minimum temperature approach did not slip below 3.6 °F and to ensure that the net power output 
in all scenarios remained at 40 MW. 
 22  
 
Simulation Approach
 23  
 
A simple gas turbine simulation, along with seven alternative processes, is prepared in 
this study. In order to provide enough power to the LNG plant, a minimum 40 MW of net power 
must be produced in each simulation. In order to directly compare the NPVs of each case, all 
processes are designed to produce the same power output of 40 MW. Due to the uncertainty and 
possible volatility of electricity over the study period and the possibility of plant installation on a 
barge, it is determined that no extra electricity will be produced. However, the system is modeled 
as a stand-alone plant, as information about the natural gas supply for fuel is unknown. Because 
of this, fuel will be purchased and the 40 MW of electricity will be sold in each case. Therefore, 
all NPVs of the solutions will be positive due to the electricity sales of 40 MW.  
 All raw materials and utilities are purchased at researched values. In terms of the fuel gas, 
the cost per BTU is determined, and the flow rates are used to determine a price of fuel for each 
case. All other utilities, such as cooling water and process water, are purchased at researched 
values. As it is unknown whether the plant is on land or at sea, the researchers determined that 
the plant will be on a coast, as most established LNG terminals are. If the plant is at sea, cooling 
water prices will fluctuate based on the temperature of sea water and the ability of the plant to 
filter the water as to not foul up equipment tubing. 
 To determine the feasibility of each simulation, the NPVs are compared. Any NPV that is 
more positive than the base process is considered to be a good alternative to recover heat, 
whereas any NPV that is lower than the base process is considered to be a poor alternative. The 
top processes are discussed in more detail to provide reasonable heat recovery alternatives to the 
heat wasted in the current process. Finally, any processes similar in NPV to the current process, 
but with redeeming environmental qualities, will be further explored as important future 
alternatives. 
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Process Flow Diagrams and 
Material Balances
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Overall Process Outline and Progression 
 The main objective of this project is to improve the design of a simple gas turbine cycle 
by recovering wasted heat.  Three main techniques are used to do this; the use of a combined 
cycle, the use of the Poor Man’s combined cycle, a variation on the combined cycle, and the use 
of a boiler in place of a combustor for the combustion of fuel and air.  These techniques are 
utilized either alone or in conjunction with each other to create seven processes that successfully 
improve upon the simple gas turbine cycle. 
 The simple gas turbine cycle utilizes the Brayton cycle to convert heat energy to useful 
work.  Three main steps are taken to achieve this conversion.  First, air is compressed from 
atmospheric pressure to 365 psia.  This compressed air is then mixed with fuel at the same 
pressure.  This mixture is then ignited in a combustion chamber, operating at 350 psia, to release 
large amounts of heat.  The adiabatic flame temperature of the combustion is around 3,800 °F.  
Because the gas products of the combustion are then used to power a gas turbine which can only 
withstand temperatures of about 2,000 °F, an excess quantity of air is fed into the combustion 
chamber to absorb some of the heat and achieve an outlet temperature of 1,940 °F.  This hot gas 
outlet of the combustion chamber at 1,940 °F and 350 psia is sent to a gas turbine to generate 
useful work.   The turbine exhaust, at approximately 900 °F and 20 psia, is released into the 
atmosphere.  
 A significant amount of heat is lost through the gas turbine exhaust being released into 
the atmosphere.  To recover some of this heat energy, a Rankine cycle, utilizing the heat form the 
exhaust to vaporize water and produce steam, is introduced to the simple gas turbine cycle.  The 
two cycles create what is commonly referred to as a combined cycle.  To implement this process, 
a heat recovery steam generator (HRSG) is added at the gas turbine exhaust.  The HRSG is 
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essentially a shell and tube heat exchanger that uses the exhaust gas as the hot-inlet and water as 
the cold-inlet and transfers the heat from the gas to vaporize the water.  The water is pressurized 
by a prior step in the cycle so that the steam generated is pressurized to 520 psia.  This 
pressurized steam is then used to power a steam turbine.  The exhaust of the steam turbine is 
condensed back to liquid water, and then repressurized and sent back to the HRSG to be 
circulated through the cycle.  Using this method, the heat from the gas turbine exhaust is 
converted to useful work by the steam turbine.  With the additional generation by a steam 
turbine, less power has to be generated by the main gas turbine to produce a net power output of 
40 MW.  This in turn results in a reduction in fuel requirement for the process.  Finally, this 
method releases a gas at about 300 °F, which is much lower than that of the simple gas turbine 
cycle. 
 One of the major setbacks of the combined cycle is the high capital investment required 
for such a process.  For this reason, a similar heat recovery method requiring less equipment  and 
using the concept of steam injection, often referred to as the Poor Man’s combined cycle, is also 
investigated.  Like in the combined cycle, the Poor Man’s combined cycle utilizes the hot gas 
exhaust of the turbine to generate steam using a HRSG.    Instead of using the generated steam to 
power a steam turbine, this process injects the steam back into the combustion reactor.  The 
addition of steam to the combustion reactor increases the volume of gas that powers the 
subsequent gas turbine.  Additionally, the steam lowers the temperature of the reactor contents 
and thereby reduces the amount of excess air needed to cool the reactor contents.  This ultimately 
reduces the power used by the compressor to compress the air.  As a result, the Poor Man’s 
combined cycle can achieve a net power output of 40 MW with a decrease in fuel consumption.  
While this process is not as effective as the combined cycle at reducing fuel consumption, it still 
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successfully reduces the outlet gas temperature and fuel requirement with fewer equipment 
requirements, and therefore has a lower capital investment.  
 While the combined cycle and Poor Man’s combined cycle successfully recover the heat 
from the gas turbine exhaust, much of the heat evolved from the combustion of the fuel is lost to 
the large amounts of excess air that is fed in to cool the reactor contents.  Only a 5% excess of air 
is required to ensure complete combustion.  As previously mentioned, the only reason for the 
extreme excess is to cool the reactor contents so that the temperature restriction on turbine 
materials is not violated.  Therefore, in the simple gas turbine cycle, combined cycle, and Poor 
Man’s combined cycle, all the heat that the excess air absorbs to cool the reactor contents is not 
efficiently utilized.  To recover this wasted heat, a design involving the use of a boiler and only 
5% excess air rather than a simple combustor with over 200% excess air is implemented.  The 
boiler would be very similar to the original combustion chamber; however, there would be boiler 
tubes lining the walls of the chamber.  Boiler water is fed through these boiler tubes, and part of 
the heat evolved from the combustion is used to vaporize this water and produce steam.  This 
steam can then be incorporated into a Rankine cycle to produce useful work through a steam 
turbine.  Because the use of a boiler recovers the heat that is lost to excess air in the previously 
discussed processes, this set up is implemented along with the combined cycle and also with the 
Poor Man’s combined cycle to generate two additional processes.    
 The combined cycle and Poor Man’s combined cycle with incorporation of a boiler very 
successfully reduce fuel requirements and outlet gas temperature.  Both of these processes 
surpass their counterparts that do not involve the replacement of the combustor with a boiler.  
The boiler with combined cycle exhibits the highest reduction in fuel requirements.  However, 
this process involves the main gas turbine, with the addition of two steam turbines.  Due to the 
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high capital investments required for this process, two additional processes utilizing the 
principles of the boiler and combined cycle are explored. 
 In the process involving a boiler and a combined cycle, there are two sources of steam 
generation; the first being the boiler, and the second being the HRSG using the hot gas turbine 
exhaust to generate steam.  In the boiler with combined cycle process, the two steam streams of 
the same temperature and pressure are generated and used by two separate steam turbines to 
generate.  To reduce the capital cost, a process with a boiler with a combined steam cycle was 
developed.  In this cycle, the two steam streams that are generated are combined and then sent to 
a single steam turbine.  This allows for similar heat recovery from the exhaust of the gas turbine 
and the combustion heat, but requires one less steam turbine, condenser and pump.   
 The process described above results in substantial fuel reduction.  However, this 
reduction is not as significant as that in the process with the boiler with combined cycle.  
Because the heat recovery in the two processes is similar, similar fuel reduction should be 
achievable.  Close examination of the process with the boiler with combined steam cycle reveals 
that the temperatures of the two steam streams are not the same; the steam generated from the 
boiler is at a much higher temperature than that generated from the HRSG.  Having previously 
conducted a sensitivity analysis on the performance on turbines and concluding that inlet 
temperature outweighs inlet flow rate in turbine power output, a new process in which the cooler 
steam stream is heated prior to mixing was developed.  This process, referred to as boiler with 
high temperature combined steam cycle, utilizes the two sources for steam generation to generate 
steam.  Instead of being mixed right away and sent to a steam turbine, the steam generated from 
the HRSG, which is lower in temperature, is also sent through appropriate tubes of the boiler and 
combined with the steam originally generated in the boiler.  This produces a combined steam 
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stream of higher temperature than that in the previously discussed process.  As a result of 
additional heating of the steam from the HRSG, this process shows better fuel reduction than the 
boiler with combined steam cycle. 
 Of all the processes discussed, those using a boiler allow for maximum utilization of the 
combustion heat energy thus proving that boiler implementation most effectively reduces fuel 
consumption.  However, their designs are quite complicated and require many equipment 
additions to the simple gas turbine cycle.  For this reason, a final process that both utilizes a 
boiler and strives to achieve the simplicity of the simple gas turbine cycle is developed.  In this 
final process, rather than incorporating a boiler in the simple gas turbine cycle and a Rankine 
cycle involving the boiler water, the gas turbine is completely eliminated from the process, and a 
steam turbine becomes the singular source of power generation.  This is beneficial to the process 
in two ways; first, steam turbines are generally cheaper than gas turbines, and the replacement of 
a gas turbine by a steam turbine would lower the capital investment of the process; second, the 
removal of a gas turbine eliminates the need to for the combustion contents to be pressurized 
since they no longer turn a gas turbine.  As a result, the air feed into the reactor does not have to 
be compressed in this process, and therefore, a significant reduction in power consumption is 
seen in the compressor.  The result of these benefits is a reduction in fuel consumption required 
to generate the net of 40 MW required from this process. 
 Through these steps, seven total processes are generated.  Each of these processes 
improves upon the simple gas turbine cycle by recovering wasted heat.  The details of these 
seven processes, along with the simple gas turbine cycle, are presented subsequently.     
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General Process Specifications and Assumptions 
 For the processes suggested in this project, several process specifications and 
assumptions universal to each process were selected to ensure comparability across the 
processes. Among these are stream compositions and conditions, equipment specifications, and 
pressure drops. 
The inlet streams to each process are assumed to have the same composition and at the 
same state in every process.  The air stream is composed of 20.947 mol% oxygen, 78.08 mol% 
nitrogen, .033 mol% carbon dioxide, and .94 mol% argon.  It enters the processs at 68 °F and 
14.7 psia (atmospheric pressure).  The inlet fuel gas is obtained from the effluent of the natural 
gas liquefaction process on which the presented processes are built.  It is sent into the presented 
processes at 90˚F and 350 psia.  The composition of the fuel is assumed to be 95 mol% methane 
and 5 mol% ethane.   
Certain conditions of the streams entering the combustion chamber for all cases are 
constant.  A specification required the inlet of the combustion chamber to be pressurized to 350 
psia.  An additional specification required the outlet stream of the combustion chamber to be at a 
temperature of 1940˚F.  The combustion chamber specified to perform adiabatically at a pressure 
of350 psia.   These values are constant throughout each process.  
The pressures of streams leaving the gas and steam turbines are also held constant 
throughout the processes.  For gas turbines, all outlet streams are at a pressure of 20 psia.  For 
steam turbines, outlet streams are at a pressure of 6 psia, representing a partial vacuum.  Because 
of the high temperatures and large pressure ratios associated with the gas and steam turbines, 
these operate at isentropic efficiencies of 90% and 85%, respectively.  
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The heat exchangers involved in the heat recovery steam generation, HRSG, systems are 
all designed to achieve the same minimum temperature approach, MITA.  To optimize the 
exchanger design, the tradeoff between exchanger price and steam turbine power was analyzed 
over a range of MITAs.  As the heat exchanger MITA was decreased, the smaller MITA was 
assumed to be preferable if each additional kilo-watt generated from the steam turbine increased 
the total process cost by less than $2,0009.  Using this analysis, the exchanger design with a 
MITA of 3.6 was found to be the optimal design.  The exchangers were also designed to result in 
pressure drops of 5 psia and 8 psia on the hot and cold sides of the exchanger, respectively.   
Finally, streams with specific pressure requirements, i.e. combustion inlet and turbine 
inlets, have pressure control valves that maintain the appropriate pressure of the streams.  The 
pressure drop across such a valve is assumed to be 15 psia.  
 
Simple Gas Turbine Cycle 
 The simple gas turbine cycle considered for this plant is a single Brayton cycle. Figure 4 
on page 25 shows the process flow diagram for this process, and Table 1 on page 26 provides 
detailed descriptions of the streams outlined in Figure 4. 
In this process, the air stream S101 at 68 °F and 14.7 psia enters the process with a total 
flow of 42,680 lbmol/hr. This air stream is assumed to be composed of 20.947 mol% oxygen, 
78.08 mol% nitrogen, .033 mol% carbon dioxide, and .94 mol% argon.  S101 enters a three stage 
isentropic compressor, C101, and is compressed to 365 psia. A three-stage compressor is 
selected instead of an axial compressor to minimize costs and maintain lower temperatures in the 
compressor. After the first and second compressor stages, the air is cooled to 100 °F with a 
pressure drop of 5 psi. No intercooling occurs after the final stage of compression.  A 
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compression to 365 psia accounts for a 15 psi pressure drop across a later valve, resulting in air 
at the specified pressure of 350 psia entering the reactor. The compressor requires 75.6 MW to 
run. Air stream S102 exits the compressor at 365 psia and 388 °F. A valve, V101, and attached 
controller follow the compressor in order to maintain the outlet pressure from the compressor. A 
15 psi was assumed across all valves. Air stream S103 exits the valve at 388 °F and 350 psia. 
The fuel gas stream S104 enters the process at 90˚F and 350 psia.  The composition of the 
fuel is assumed to be 95 mol% methane and 5 mol% ethane.  Streams S103 and S104 are 
combined prior to entering the combustion chamber to create a uniform feed. The uniform feed 
ensures that the reactor will not form large hot spots, which would require higher temperature 
materials. The combined stream enters combustion chamber F101, which is held at 350 psia. The 
combustion products, S105, consisting of 12.9% oxygen, 75.4% nitrogen, 3.7% carbon dioxide, 
7.2% water and trace argon, NOx, CO products, exit F101 at 1940 °F and 350 psia. Due to the 
nature and design of the combustion reactor, pressure drop across the chamber is negligible.  
Stream S105, containing 44,276 lbmol/hr of gaseous product, enters the gas turbine, T101 
at 1940 °F. The gas turbine operates at an isentropic efficiency of 90% and produces 115.6 MW 
of power. This power is used to drive the compressor and leaves a net of 40 MW to drive the 
liquefaction process. Stream S106 exits the turbine at 859 °F and 20 psia. 
 
Combined Cycle 
The combined cycle process involves the addition of a Rankine cycle to the simple gas 
turbine cycle. Figure 5  on page 27 shows the process flow diagram for this case, and Table 2 on 
page 28 provides detailed descriptions of the streams outlined in Figure 5. 
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In this process, air stream S201 at 68 °F and 14.7 psia enters the process with a total flow 
of 32,200 lbmol/hr. This air stream is assumed to be composed of 20.947 mol% oxygen, 78.08 
mol% nitrogen, .033 mol% carbon dioxide, and .94 mol% argon.  S201 then enters a three stage 
isentropic compressor, C201, and is compressed to 365 psia. A three-stage compressor is 
selected instead of an axial compressor to minimize costs and maintain lower temperatures in the 
compressor. After the first and second compressor stages, the air is cooled to 100 °F with a 
pressure drop of 5 psi. No intercooling occurs after the final stage of compression.  A 
compression to 365 psia accounts for a 15 psi pressure drop across a later valve, creating a net 
pressure of 350 psia entering the reactor, as specified by the problem statement.  The compressor 
requires 57.0 MW to run. Air stream S202 exits the compressor at 365 psia and 388 °F. A valve, 
V201, and attached controller follow the compressor in order to maintain the outlet pressure 
from the compressor. Air stream S203 exits the valve at 388 °F and 350 psia. 
 The fuel gas stream enters the process at 90 °F and 350 psia. The composition of the fuel 
is assumed to be 95 mol% methane and 5 mol% ethane.  Streams S203 and S204 are combined 
prior to entering the combustion chamber to create a uniform feed.  A uniform feed ensures that 
the reactor will not form large hot spots, which would require higher temperature materials. The 
combined stream enters combustion chamber F201, which is held at a constant pressure of 350 
psia. The combustion products (S205), consisting of 12.9% oxygen, 75.4% nitrogen, 3.7% 
carbon dioxide, 7.2% water and trace argon, NOx, CO products, exit F201 at 1940 °F and 350 
psia. Due to the nature and design of the combustion reactor, pressure drop across the chamber is 
negligible.  
Stream S205, containing 33,400 lbmol/hr of gaseous product, enters the gas turbine, T201 
at 1,940 °F. The gas turbine operates with an isentropic efficiency of 90% and produces 87.2 
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MW of power. A portion of this power is used to drive the compressor. Stream S206 of the 
cooler gaseous products exits the turbine at 859 °F and 20 psia.  
 The turbine exhaust, stream S206, is used to vaporize water that circulates through the 
Rankine cycle. A heat recovery steam generator (HRSG) H201-202 is used to transfer the heat 
from S206 to a water stream, S213.  H201-202 represents two shell-and-tube heat exchangers of 
equal size in parallel. Due to the large size of the required exchangers and the production of a 
gaseous species, two identical exchangers are used to account for volume of disengaging space 
in the heat exchanger.  The inlet streams of the HRSG are split into two equivalent streams that 
are fed into the two exchangers and subsequently recombined at the outlet of the exchangers.   
Both heat exchangers are designed to achieve a minimum temperature approach of 3.6 °F.  To 
optimize the exchanger design, the tradeoff between exchanger price and steam turbine power 
was analyzed over a range of MITAs.  As the heat exchanger MITA was decreased, the smaller 
MITA was assumed to be preferable if each additional kilo-watt generated from the steam 
turbine increased the total process cost by less than $2,0009.  Using this analysis, the exchanger 
design with a MITA of 3.6 was found to be the optimal design and is therefore used in this 
process.  Additionally, the exchangers are designed to result in a 5 psi pressure drop on the hot-
side of the exchanger, and an 8 psi pressure drop across the cold-side.  Stream S206 enters the 
hot-inlet of the HRSG at 859°F, 20 psia, and a rate of 33,400 lbmol/hr.  Stream S213 enters the 
cold-inlet at 170°F, 528 psia, and a rate of 5,450 lbmol/hr.  The water vaporizes to produce 
steam, stream S208, with a vapor fraction of 1 and at 855°F and 520 psia, and the hot gas is 
cooled and released into the atmosphere in S214 at 333°F and 15 psia.   
The steam in stream S208 is then sent through a steam turbine, T202, to generate 9.9 MW 
of work.  The steam leaving the turbine, S209, is 174°F at 6 psia, representing a partial vacuum.  
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The vapor fraction of this stream is 0.96.  Steam turbines can typically withstand approximately 
12% condensation within the turbine before the turbine materials begin to deteriorate; thus this 
4% condensation is within the acceptable limit.  S209 is then sent to a condenser, D201, where it 
is condensed back to liquid water by cooling the stream to 170°F, the boiling temperature of 
water at 6 psia.  Stream S210 leaves the condenser at 170°F and 6 psia and is collected in a 
holding tank, M201.  From this tank, pump P201 pressurizes the water to 543 psia. This allows 
the pump outlet, S212, to enter a control valve, V202, with a 15 psia pressure drop, at 543 psia 
and exit at 528 psia.  This stream at 528 psia, S213, serves as the inlet to the HRSG to complete 
the Rankine cycle.   
 The flow rate of water through the Rankine cycle can be varied to achieve various power 
outputs from the steam turbine.  To optimize the overall process, a sensitivity analysis on the 
flow rate of the water within the Rankine cycle was conducted.  The effects of varying water 
flow rates on utility and variable costs and on fuel consumption were analyzed.  The results of 
this analysis are presented in Figure 12 on page 49 and Figure 13 on page 50.  From the two figures, 
the optimal flow rate that minimizes these variables is 5,450 lbmol/hr, and this value is therefore 
used in this process.    
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Net Cost of Combined Cycle Water, Cooling Water and Fuel ($/lb) 
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 Poor Man’s Combined Cycle 
The Poor Man’s combined cycle consists of the simple gas turbine cycle with an added 
heat exchanger to generate steam, which is re-injected into the combustion reactor. Figure 6 on 
page 29 shows the process flow diagram for this case, and Table 3 on page 30 provides detailed 
descriptions of the streams outlined in Figure 6. In this case, a net power output of 40 MW is 
achieved using less fuel and less air than the simple gas turbine cycle. 
In this process, air stream S301 enters at 68°F and 14.7 psia with a total flow of 21,550 
lbmol/hr. This air stream is assumed to be composed of 20.947 mol% oxygen, 78.08 mol% 
nitrogen, .033 mol% carbon dioxide, and .94 mol% argon.  The airflow rate of this process is 
significantly lower than that of the previous two processes due to the steam injection in the 
reactor. This lesser flow rate relieves a significant amount the compressor duty.  S301 then enters 
a three stage isentropic compressor, C301, to be compressed to 365 psia. A three-stage 
compressor is selected instead of an axial compressor to minimize costs and maintain lower 
temperatures in the compressor. After the first and second compressor stages, the air is cooled to 
100 °F with a pressure drop of 5 psi. No intercooling occurs after the final stage of compression.  
A compression to 365 psia foreshadows a 15 psi pressure drop across a later valve, creating a 
final pressure of 350 psia entering the reactor.  The compressor requires 38.15 MW of compress 
the air, which is less than the 75.6 MW required by the other two models. Air stream S302 exits 
the compressor at 365 psia and 388 °F. A valve, V301, with a 15 psia pressure drop, and attached 
controller follow the compressor in order to maintain the outlet pressure from the compressor. 
Air stream S303 exits the valve at 388 °F and 350 psia. 
The fuel gas stream S304 enters the process at 90˚F and 350 psia with a flow of 1,072 
lbmol/hr. The composition of the fuel is assumed to be 95 mol% methane and 5 mol% ethane.   
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Streams S303, S304 and S311 are combined prior to entering the combustion chamber to create a 
uniform feed. The uniform feed ensures that the reactor will not form large hot spots, which 
would require higher temperature materials. The combined stream enters combustion chamber 
F301, which is held at 350 psia. The combustion products (S305), consisting of 7.8 mol% 
oxygen, 57.1 mol% nitrogen, 3.8 mol% carbon dioxide, 30.6 mol% water and trace argon, NOx, 
CO products, exit F301 at 1940 °F and 350 psia. In this solution, the fraction of water in the 
combustion products is higher than that of the previous cases. Due to the nature and design of the 
combustion reactor, pressure drop across the chamber is negligible.  
Stream S305, containing 29,500 lbmol/hr of gaseous product, enters the gas turbine, T301 
at 1940 °F. The gas turbine operates at 90% isentropic efficiency and produces 78.2 MW of 
power, which is less than the previous 115.6 MW of power in the previous cases. Part of this 
power is used to drive the compressor and results in a net of 40 MW to drive the liquefaction 
process. A smaller turbine is advantageous, as it requires a lower capital investment. Stream 
S307 consists of gaseous products and exits the turbine at 879 °F and 20 psia.  
 To recover the heat from the turbine exhaust, S307, a heat recovery steam generator 
(HRSG) is used to produce steam.  The HRSG is composed of two identical heat exchangers, 
modeled by H301-302.  Due to the large size of the required exchangers, two identical 
exchangers are used to account for volume of disengaging space in the heat exchanger. The inlet 
streams of the HRSG are split into two equivalent streams that are fed into the two exchangers 
and subsequently recombined at the outlet of the exchangers.   Both heat exchangers are 
designed to achieve a minimum temperature approach of 3.6 °F.  To optimize the exchanger 
design, the tradeoff between exchanger price and additional gas turbine power generation was 
analyzed over a range of MITAs.  As the heat exchanger MITA was decreased, the smaller 
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MITA was assumed to be preferable if each additional kilo-watt generated from the gas turbine 
due to steam injection increased the total process cost by less than $2,0009. Using this analysis, 
the exchanger design with a MITA of 3.6 was found to be the optimal design and is therefore 
used in this process.  Additionally, the exchangers are designed to result in a 5 psi pressure drop 
on the hot-side of the exchanger, and an 8 psi pressure drop across the cold-side.  The hot gas 
stream S307 is split into two equivalent streams with flows of 14,700 lbmol/hr of gaseous 
material. S307 enters the hot-inlet of the HRSG at 902°F and 20 psia.  Water is fed through the 
cold-inlet of the HRSG at a rate of 68,000 lbmol/hr.  This water, at 58°F and 14.7 psia, enters the 
process in stream S308.  It is then pressurized by pump P301, which operates at an85% 
isentropic efficiency, to 373 psia.  After it passes through a valve, V302, through which it 
experiences a 15 psia pressure drop, it enters the cold-inlet of the HRSG at 58°F and 358 psia.  
This stream is vaporized within the HRSG and exits as superheated steam in stream S311, which 
is at 546°F and 350 psia, and this stream is fed back into the combustion reactor.  The gas outlet 
of the HRSG leaves the process in S312 at 202°F and 15 psia. 
 A variety of water flow rates can be run through the HRSG.  The flow rate of water 
determines the temperature of the steam that is generated and injected back into the combustion 
chamber.  To determine the most cost effective amount of water, a sensitivity analysis was 
conducted for various water flow rates.  The effect of varying water flow rates on fuel flow, 
utility and variable costs and outlet temperature was examined.  The results are presented shown 
in Figure 14 on page 58.  From this analysis, the optimal water flow rate of 68,000 lbmol/hr is 
selected for this process.  
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Boiler Case with Poor Man’s Combined Cycle 
 
The boiler with Poor Man’s combined cycle includes the use of a boiler in place of a 
simple combustor and the Poor Man’s combined cycle to recover heat.  The boiler utilizes the 
heat that must be removed from the combustion chamber to produce work via a Rankine cycle, 
and the addition of a HRSG to the gas turbine exhaust produces steam that is injected back into 
the combustion chamber.  Figure 7 on page 31 shows the process flow diagram for this case, and 
Table 4 on page 32 provides detailed descriptions of the streams outlined in Figure 7. 
In this process, air stream S401 enters at 68 °F and 14.7 psia with a total flow of 10,600 
lbmol/hr. This air stream is assumed to be composed of 20.947 mol% oxygen, 78.08 mol% 
nitrogen, .033 mol% carbon dioxide, and .94 mol% argon.  This flow rate represents a 5% excess 
air to the fuel flow rate. The lower flow rate relieves a significant amount the compressor duty. 
S401 then enters a three stage isentropic compressor, C401, to be compressed to 365 psia. A 
three-stage compressor is selected instead of an axial compressor to minimize costs and maintain 
lower temperatures in the compressor. After the first and second compressor stages, the air is 
cooled to 100 °F with a pressure drop of 5 psi. No intercooling occurs after the final stage of 
compression.  A compression to 365 psia accounts for a 15 psi pressure drop across a later valve, 
creating a net pressure of 350 psia entering the reactor. The compressor requires 18.8 MW to 
run, which is less power than required for the compressor of the previously mentioned processes 
involving a simple combustor. Air stream S402 exits the compressor at 365 psia and 388 °F. A 
valve, V401, and attached controller follow the compressor in order to maintain the outlet 
pressure from the compressor. A 15 psi is assumed across all valves. Air stream S403 exits the 
valve at 388 °F and 350 psia. 
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 The fuel gas enters the process at 90 °F and 350 psia with a flow rate of 1,060 lbmol/hr. 
The composition of the fuel is assumed to be 95 mol% methane and 5 mol% ethane.   Streams 
S403, S404 and S416 are combined prior to entering the boiler to create a uniform feed. The 
combined stream enters boiler chamber F401. A theoretical stream, S405, represents the 
combustion products directly at the flame of the combustion at 2,710°F and 350 psia.  The heat 
from this theoretical stream is being immediately transferred to incoming water in stream S411 
through the boiler tubes. This process is modeled by a heat exchanger, H401, as seen in Figure 7 
on page 31, but the line around the system indicates that the combustion chamber and heat 
exchanger model are actually one piece of boiler equipment. Stream S405, at 3,287 °F and 350 
psia, represents the gases right at the flame, but is a theoretical stream, as this heat is being 
immediately transferred to water in the boiler tubes. Due to the rudimentary design of the boiler 
system, the exchanger is modeled to have a large minimum temperature approach.  To account 
for pressure losses across the boiler tubes and the reaction chamber, the exchanger is modeled 
with an 8 psi pressure drop across both the cold-side and the hot-side of the exchanger.  The 
boiler tubes are fed with water from stream S411, which consists of 3,760 lbmol/hr of water at 
170°F and 528 psia.   This results in the outlet gas stream, S405, and the outlet steam stream, 
S406,  to exit the boiler at the same temperature of 1940 °F. 
 S406 is then sent through a Rankine cycle.  This stream, at 1940°F and 520 psia is run 
through steam turbine, T401, to generate power.  T401 operates with an isentropic efficiency of 
85% and produces 13.1MW of power.  The turbine exhaust, S407, at 719°F and 6psia, is then 
sent to condenser, D401.  Here the steam is cooled to 170°F, the boiling point of water at 6 psia 
and condensed back into liquid water.  This liquid water is collected in holding tank M401.  
From M401, it is pressurized by pump P401 to 543 psia, passed through a control valve, V402, 
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through which a 15 pressure loss is experienced, and is returned to the boiler tubes at 170°F and 
528 psia.   
The gaseous combustion produces, S412, containing 17,090 lbmol/hr of gaseous product, 
enters the gas turbine, T402 at 1940 °F and 342 psia. The gas turbine produces 45.7 MW of 
power.  Stream S413 exits the turbine at 928 °F and 20 psia.  
Stream S413 is used to generate steam in the heat recovery steam generator (HRSG), 
H402-H403, at a flow rate of 17,090 lbmol/hr. H402-403 actually represents two identical heat 
exchangers in parallel. Two heat exchangers were purchased in order to allow for the 
disengagement space in the heat exchanger. The inlet streams of the HRSG are split into two 
equivalent streams that are fed into the two exchangers and subsequently recombined at the 
outlet of the exchangers.   Both heat exchangers are designed to achieve a minimum temperature 
approach of 3.6 °F.  Both heat exchangers are designed to achieve a minimum temperature 
approach of 3.6 °F.  To optimize the exchanger design, the tradeoff between exchanger price and 
additional gas turbine power generation was analyzed over a range of MITAs.  As the heat 
exchanger MITA was decreased, the smaller MITA was assumed to be preferable if each 
additional kilo-watt generated from the gas turbine due to steam injection increased the total 
process cost by less than $2,0009. Using this analysis, the exchanger design with a MITA of 3.6 
was found to be the optimal design and is therefore used in this process.  Additionally, the 
exchangers are designed to result in a 5 psi pressure drop on the hot-side of the exchanger, and 
an 8 psi pressure drop across the cold-side.  S413 enters the hot-inlet of the HRSG at 928°F and 
20 psia.  Water is fed into the cold-inlet.  Stream S414 contains 5,400 lbmol/hr of water at 58°F 
and 14.7 psia.  S414 is pressurized by pump, P402 to 373 psia, sent through a control valve, 
V403, across which it experiences a 15 psia pressure drop, and is fed into the HRSG at 58°F and 
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358 psia.  The water is vaporized and exits the HRSG as steam at 432°F and 350 psia in stream 
S416.  This stream is injected back into the boiler.  The gas outlet of the HRSG is released into 
the atmosphere at 177 °F and 15 psia, which is a much lower and more acceptable release 
temperature than the outlet of the gas turbine in the simple gas turbine cycle. 
The amount of water sent through the HRSG could vary to produce various volumes of 
steam at various temperatures.  To determine the most optimal water flow rate, a sensitivity 
analysis was conducted on the water flow rate.  The effects of water flow rate on the utility and 
variable costs along with the fuel flow rate and outlet temperature were analyzed.  These results 
are shown in Figure 15on page 63.  From Figure 15, it can be determined that costs, fuel flow 
rates, and outlet temperatures are minimized with a water flow rate of 5,400 lbmol/hr.  This is 
therefore, the specified flow rate for this process. 
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Boiler with Combined Cycle 
 
The boiler with combined cycle utilizes a boiler rather than a simple combustor in a 
combined cycle.  The use of a boiler utilizes the excess heat of the combustion reaction to 
generate steam that is sent through a Rankine cycle to produce usable work. The heat from the 
gas turbine exhaust is used to generate steam for a second Rankine cycle.  Figure 8 on page 33 
shows the process flow diagram for this case, and Table 5 page 34 provides detailed descriptions 
of the streams outlined in Figure 8. In this case, the base power of 40 MW was achieved with 
significantly less fuel than the simple gas turbine cycle. 
In this process, air stream S501 enters at 68 °F and 14.7 psia (atmospheric pressure), with 
a total flow of 11,400 lbmol/hr. This air stream is assumed to be composed of 20.947 mol% 
oxygen, 78.08 mol% nitrogen, .033 mol% carbon dioxide, and .94 mol% argon.  This flow rate 
represents a 5% excess air to the fuel flow rate. The lower flow rate relieves a small portion of 
the compressor duty, thus saving costs.  S501 then enters a three stage isentropic compressor, 
C501, to be compressed to 365 psia. A three-stage compressor is selected instead of an axial 
compressor to minimize costs and maintain lower temperatures in the compressor. After the first 
and second compressor stages, the air is cooled to 100 °F with a pressure drop of 5 psi. No 
intercooling occurs after the final stage of compression.  A compression to 365 psia accounts for 
a 15 psi pressure drop across a later valve, creating a net pressure of 350 psia entering the 
reactor. The compressor requires 20.1 MW to run, which is less power than that of the cases with 
the simple combustor. Air stream S502 exits the compressor at 365 psia and 388 °F. A valve, 
V501, with a pressure drop of 15 psi, and attached controller follow the compressor in order to 
maintain the outlet pressure from the compressor. Air stream S503 exits the valve at 388 °F and 
350 psia. 
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 The fuel gas stream S504 enters the process at 90 °F, 350 psia, and a rate of 1,136 
lbmol/hr.  The composition of the fuel is assumed to be 95 mol% methane and 5 mol% ethane.   
Streams S503 and S504 are combined prior to entering the combustion chamber to create a 
uniform feed. The combined stream enters boiler chamber F501.  Stream S505 represents the 
gaseous combustion products at the flame at 3,827°F and 350 psia.  Heat from this theoretical 
stream is immediately being transferred to incoming water in stream S511 through the boiler 
tubes. The boiler is modeled as a combustion chamber and heat exchanger, H501, as seen in 
Figure 8 on page 33, but the line around the system indicates that the combustion chamber and 
heat exchanger model are actually one piece of boiler equipment. Due to the rudimentary design 
of the boiler system, the exchanger is modeled to have a high minimum temperature approach.  
Additionally, to account for pressure losses across the boiler tubes and the reaction chamber, the 
exchanger is modeled to have a pressure drop of 8 psi across both the cold-side and hot-side of 
the exchanger. The boiler tubes are fed with 6,500 lbmol/hr of water from stream S511, which is 
at 170°F and 528 psia, that is vaporized to form steam.  The outlet gas stream and steam stream 
both exit the boiler at a temperature of 1,940°F.   
 The steam leaving the boiler tubes are sent through a Rankine cycle to generate work.  It 
is sent through a steam turbine, T501, operating at 85% isentropic efficiency, to generate 23MW 
of power.  The steam leaves the steam turbine at 719°F and 6 psia in stream S507.  It then enters 
the condenser, D501, where it is cooled to 170°F, the boiling point of water at 6 psia, and 
condensed back to liquid water.  This water is sent to a holding tank, M501.  This water is 
pumped from the holding tank by P501 to a pressure of 538psia, sent through a control valve, 
across which it experiences a 15 psi pressure drop, and sent back to the boiler tubes at 170°F and 
528 psia.   
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 The gaseous combustion products, stream S505, consists of 70.4% nitrogen, 8.9 mol% 
carbon dioxide, 18.5 mol% water, 0.35 mol% oxygen, and trace argon, NOx, CO products at 
1,940°F and 342 psia.  This stream is sent to power the gas turbine T502.  T502 operates with an 
isentropic efficiency of 90% and produces 33.1MW of power.  Stream S513 exits the turbine at 
719°F and 20 psia.  The heat from this stream is then used to generate steam to power another 
Rankine cycle. 
 S513 generates steam through a heat recovery steam generator, HRSG, H501-502.  This 
block represents two identical heat exchangers in parallel. Two exchangers are used to account 
for the disengagement space needed in the heat exchanger.  The inlet streams of the HRSG are 
split into two equivalent streams that are fed into the two exchangers and subsequently 
recombined at the outlet of the exchangers.   Both heat exchangers are designed to achieve a 
minimum temperature approach of 3.6 °F.  To optimize the exchanger design, the tradeoff 
between exchanger price and steam turbine power was analyzed over a range of MITAs.  As the 
heat exchanger MITA was decreased, the smaller MITA was assumed to be preferable if each 
additional kilo-watt generated from the steam turbine increased the total process cost by less than 
$2,0009. Using this analysis, the exchanger design with a MITA of 3.6 was found to be the 
optimal design and is therefore used in this process.  Additionally, the exchangers are designed 
to result in a 5 psi pressure drop on the hot-side of the exchanger, and an 8 psi pressure drop 
across the cold-side.  S513 enters the HRSG as the hot-inlet at 719°F and 20 psia.  Water enters 
the cold-inlet at 170°F and 528 psia with a flor rate of 2,350 lbmol/hr in stream S518.  This water 
is vaporized to form steam, S902, at 902°F and 520 psia.  This stream is then used to power 
steam turbine T503, which operates with an 85% isentropic efficiency and produces 4.4MW of 
power.  The steam turbine exhaust, S515, at 174°F and 6 psia is then sent to condenser D502 
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where it is cooled to 170°F and condensed to liquid water.  The exit of the condenser is collected 
in holding tank M501, from where the water is pressurized by pump P501 to 543 psia, sent 
through a control valve V503, across which a 15 psi pressure drop occurs, and fed back into the 
HRSG at 170°F and 528 psia to complete the cycle. 
 Because the inlet steam temperature has a more significant effect on steam turbine power 
output than the volume of steam entering the turbine, the steam generated from this Rankine 
cycle needed to be the highest temperature possible.  In order to do this, the HRSG had to  
achieve the minimum temperature approach at the hot-side outlet of the exchangers.  To achieve 
this, the minimum temperature approach was achieved by varying the amount of water flowing 
through the Rankine cycle, and a sensitivity analysis was conducted on the hot-side outlet 
temperature of the HRSG.  This ensured that the flow rate of water through the HRSG allowed 
for the steam entering the steam turbine to be 3.6°F below the hot-side inlet temperature.  The 
effect of hot-side outlet temperatures on utility and variable costs as well as on fuel flow rates 
and steam temperatures were examined.  These are presented in Figure 16 on page 68.  From this 
figure, it can be seen that a hot-side outlet temperature of 318°F achieves minimum costs and 
fuel flow rates and maximum steam temperature.  The corresponding water flow rate for such an 
outlet temperature of 2,350lbmol/hr is selected as the optimal flow rate for this process. 
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Boiler with Combined Steam to Steam Turbine 
 
The boiler with combined steam cycle consists of the use a boiler and a Rankine cycle to 
recover heat.  Steam is generated in both the boiler tubes as well as a HRSG unit.  These two 
steam streams are combined to power a steam turbine and generate work.  Figure 9 on page 35 
and Table 6 on page 36 show the process flow diagram and stream summaries for this process.  
This process produces a net power of 40 MW that is achieved using less fuel and less air than the 
original simple gas turbine cycle. 
In this process, air stream S601 enters at 68 °F and 14.7 psia (atmospheric pressure), with 
a total flow of 13,141 lbmol/hr. The airflow rate in this case is significantly lower than in the 
excess air cases, as only 5% excess air is used in this case. Additionally, less volume is needed to 
run the turbine to create a net of 40 MW because the compressor duty is lower with only 5% 
excess. The air feed is assumed to be composed of 20.9 mol% oxygen, 78.1 mol% nitrogen, .033 
mol% carbon dioxide, and .94 mol% argon. S601 then enters a three stage isentropic compressor, 
C601, to be compressed to 365 psia. A compression to 365 psia accounts for a 15 psi pressure 
drop across a later valve, resulting in a pressure of 350 psia entering the reactor. A three-stage 
compressor is selected instead of an axial compressor to minimize costs and maintain lower 
temperatures in the compressor. After the first and second compressor stages, the air is cooled to 
100 °F with a pressure drop of 5 psi. No intercooling occurs after the final stage of compression.  
The compressor requires 23.3 MW to run, which is less than the 75.6 MW required by the simple 
gas turbine cycle. Air stream S602 exits the compressor at 365 psia and 388 °F. A valve, V601, 
and attached controller follow the compressor in order to maintain the outlet pressure from the 
compressor. A 15 psi was assumed across all valves. Air stream S603 exits the valve at 388 °F 
and 350 psia. 
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 The fuel gas stream S604, composed of 95% methane and 5% ethane, enters the process 
at 90°F and 350 psia with a flow rate of 1,314 lbmol/hr. Streams S603 and S604 are combined 
prior to entering the combustion chamber to create a uniform feed. The uniform feed ensures that 
the reactor will not form large hot spots, which would require higher temperature materials. The 
combined stream enters the combustion chamber, F601. Stream S605 represents the theoretical 
gaseous combustion products at the site of the flame at 3,828°F and 350 psia.  The heat from this 
theoretical stream is immediately being transferred to the water in the boiler tubes as the reaction 
occurs. The boiler is modeled as a heat exchanger, H601, as seen in Figure 9 on page 35, but the 
line around the system indicates that the combustion chamber and heat exchanger model are 
actually one piece of boiler equipment. Because of the rudimentary design of a boiler, the 
exchanger is modeled to achieve a large minimum temperature approach.  To account for 
pressure losses through the boiler tubes and reaction chamber, the exchanger is modeled with an 
8 psi pressure drop across both the cold-side and hot-side of the exchanger.  Water enters the 
boiler tubes at 170°F, 528 psia, and a rate of 10,800 lbmol/hr in S611.  This water is vaporized 
using some or the combustion heat and exits the boiler tubes as steam at 902°F and 520 psia.  
While previous cases have heated the steam leaving the boiler to 1,940°F, because this steam 
stream is to be combined with another steam stream, it is heated only to the temperature of the 
stream with which it is to be mixed, which happens to be at the lower temperature of 902°F.  The 
gaseous products of the combustor, composed of 0.3 mol% oxygen, 70.5 mol% nitrogen, 8.9 
mol% carbon dioxide, 18.5 mol% water and trace argon, NOx, and CO, exit F601 at 1940°F and 
350 psia in stream S606.   
Stream S606 enters the gas turbine, T601 at 1,940 °F and 350 psia. The turbine operates 
at an isentropic efficiency of 90% and produces 38.3 MW of power. Stream S607 exits the 
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turbine at 906 °F and 20 psia. This stream is then utilized to generate steam.  This is done with a 
heat recovery steam generator, HRSG, H602-603.  Due to the large size of the required 
exchangers, these two identical exchangers were used to account for volume of disengaging 
space in the heat exchanger.  Both heat exchangers are designed to achieve a minimum 
temperature approach of 3.6 °F.  To optimize the exchanger design, the tradeoff between 
exchanger price and steam turbine power was analyzed over a range of MITAs.  As the heat 
exchanger MITA was decreased, the smaller MITA was assumed to be preferable if each 
additional kilo-watt generated from the steam turbine increased the total process cost by less than 
$2,0009. Using this analysis, the exchanger design with a MITA of 3.6 was found to be the 
optimal design and is therefore used in this process.  Additionally, the exchangers are designed 
to result in a 5 psi pressure drop on the hot-side of the exchanger, and an 8 psi pressure drop 
across the cold-side.  S607 is fed into the hot-inlet of the HRSG at 906°F and 20 psia.  In stream 
S216 water is fed at a rate of 2,660 lbmol/hr into the cold-inlet of the HRSG at 170°F and 528 
psia.  This water is vaporized to produce superheated steam that exits the HRSG at 902°F and 
520 psia in stream S614. 
The flow rate of S216, the water inlet to the HRSG, is set to achieve the maximum steam 
temperature.  This is because the temperature of the steam has a greater effect on steam turbine 
power output than the volume of steam sent through the steam turbine.  This temperature 
maximization is done by designing the exchangers to have the minimum temperature approach 
occur at the hot-side outlet of the exchanger.  The water flow rate that achieved this specification 
is used in this process. 
The two steam streams that are produced, S613 and S614, are combined and fed through 
a steam turbine, T602, operating at 85% isentropic efficiency, to generate 25MW of power.  
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Stream S615 leaves the steam turbine at 174°F and 6psia.  This stream is then passed through a 
condenser, D601, which cools the stream to 170°F, the boiling point of water at 6 psia, and 
condenses the stream to liquid water.  This water is collected in a holding tank, M601, 
pressurized by pump P601 to 543psia and sent through a control valve, across which it 
experiences a 15 psi pressure drop.  The stream that leaves the valve is then split to two separate 
streams with the flow rates of S611 and S612, and sent back to the boiler tubes and HRSG, 
respectively. 
Lastly, stream S608 is gas outlet product from the HRSG.  S608 exits the HRSG at 317 
°F, which is a much lower and more acceptable release temperature than the original outlet of the 
gas turbine. S608 is released at 15 psia, which is just slightly above atmospheric pressure.  
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Boiler with High Temperature Combined Steam Cycle  
 
The boiler with high temperature combined steam cycle is almost identical to the boiler 
with combined steam cycle as it consists of the use a boiler and a Rankine cycle to recover heat.   
Steam is generated in both the boiler tubes as well as a HRSG unit.  These two steam streams are 
combined, and unlike in the boiler with combined steam cycle, heated using the combustion heat 
before used to power a steam turbine and generate work.  Figure 10 on page 37 shows the 
process flow diagram for this case, and Table 7 on page 38 provides detailed descriptions of the 
streams.  In this case, the base power of 40 MW was achieved using less fuel and less air than the 
original base case. 
In this process, air stream S701 enters at 68 °F and 14.7 psia (atmospheric pressure), with 
a total flow of 11,010 lbmol/hr. The airflow represents 5% excess air to ensure complete 
combustion. The air composition was assumed to be 20.9 mol% oxygen, 78.1 mol% nitrogen, .03 
mol% carbon dioxide, and .94 mol% argon. S701 then enters a three stage isentropic compressor, 
C701, to be compressed to 365 psia. A compression to 365 psia accounts for a 15 psi pressure 
drop across a later valve, creating a subsequent pressure of 350 psia entering the reactor. A three-
stage compressor is selected instead of an axial compressor to minimize costs and maintain lower 
temperatures in the compressor. After the first and second compressor stages, the air is cooled to 
100 °F with a pressure drop of 5 psi. No intercooling occurs after the final stage of compression.  
The compressor requires 19.5 MW to run, which is significantly less than the 23.3 MW required 
in the similar combined steam case, and the 75.6 MW required by the base case. Air stream S702 
exits the compressor at 365 psia and 388 °F. A valve, V701, and attached controller follow the 
compressor in order to maintain the outlet pressure from the compressor. A 15 psi is assumed 
across all valves. Air stream S703 exits the valve at 388 °F and 350 psia. 
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 The fuel gas stream S704, composed of 95 mol% methane and 5 mol% ethane, enters the 
process at a flow rate of 1,101 lbmol/hr and a temperature and pressure of 90°F and 350 psia. 
Streams S703 and S704 are combined prior to entering the combustion chamber of the boiler to 
create a uniform feed. The uniform feed ensures that the reactor will not form large hot spots, 
which would require higher temperature materials. The combined stream enters combustion 
chamber F701, which is held at 350 psia. Stream S705 represents a theoretical stream at the site 
of the flame at 3,828°F and 350 psia. Heat from this theoretical stream is immediately being 
transferred to the water in the boiler tubes that line the walls of the combustion chamber. The 
boiler is modeled as a heat exchanger, H701, but the line around the system indicates that the 
combustion chamber and heat exchanger model are actually one piece of boiler equipment. 
Because of the rudimentary design of the boiler, the heat exchanger was modeled to have a large 
minimum temperature approach.  Additionally, to account for pressure losses across the boiler 
tubes and the reaction chamber, the exchanger is also modeled with an 8 psi pressure drop across 
both the cold-side and the hot-side of the exchanger.  Water enters the boiler tubes at 170°F, 528 
psia, and a rate of 2,280 lbmol/hr through stream S711.  This stream is vaporized by the 
combustion heat within the boiler.  The hot gaseous products of the combustion, composed of 0.3 
mol% oxygen, 70.5 mol% nitrogen, 8.9 mol% carbon dioxide, 18.5 mol% water and trace argon, 
NOx, and CO, leaves the boiler through stream S706 at 1940°F, 350 psia and a rate of 12,200 
lbmol/hr.  This stream is then sent to a gas turbine, T701, which operates at an isentropic 
efficiency of 90%, to produce 27MW of power.  The turbine exhaust, S707, leaves the unit at 
905°F and 20 psia. 
 This turbine exhaust is then used to generate steam utilizing a HRSG, H702-703.  Due to 
the large size of the required exchangers, two identical exchangers are used to account for 
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volume of disengaging space in the heat exchanger.  Both heat exchangers are designed to 
achieve a minimum temperature approach of 3.6 °F.  To optimize the exchanger design, the 
tradeoff between exchanger price and steam turbine power was analyzed over a range of MITAs.  
As the heat exchanger MITA was decreased, the smaller MITA was assumed to be preferable if 
each additional kilo-watt generated from the steam turbine increased the total process cost by 
less than $2,0009. Using this analysis, the exchanger design with a MITA of 3.6 was found to be 
the optimal design and is therefore used in this process.  Additionally, the exchangers are 
designed to result in a 5 psi pressure drop on the hot-side of the exchanger, and an 8 psi pressure 
drop across the cold-side.    Stream S707 is fed into the hot-inlet of the HRSG.  Stream S712, 
composed of water at 170°F and 528 psia, is fed into the cold-inlet of the HRSG at a rate of 
5,600 lbmol/hr.  This water is vaporized and exits the HRSG as superheated steam at 902°F and 
520 psia via stream S713.   
 The amount of water that is fed through the HRSG is determined to be the amount that 
results in the hottest steam leaving the HRSG.  This was done by selecting the flow rate of water 
that allowed the exchanger to reach its minimum temperature approach at the hot-side outlet of 
the exchanger.  Since steam temperature has a greater effect on steam turbine power generation 
than the volume of steam sent through the turbine, the ideal temperature to which the steam 
should be heated is around 2,000°F, the temperature limit on turbine materials.  For this reason, 
rather than immediately mixing this steam with the steam generated through the boiler tubes as is 
done in the boiler with combined steam cycle, this steam stream is first heated by the combustion 
heat. 
 Stream S713 is sent to the appropriate location of the boiler tubes.  Here S713 is 
combined with the boiler tube contents and the combined stream is heated to 1,940°F.  This 
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combined stream exits the boiler tubes through S714 at 1,940°F and 520 psia.  This superheated 
steam stream is then sent to a steam turbine, T701, which operates at 85% isentropic efficiency.  
This turbine is able to generate 27MW of power, while the steam turbine of the boiler with 
combined steam cycle only generates 25MW of power.  This validates the heating of the steam 
in stream S713.  The exhaust of this turbine, S715, at 722°F and 6psia, is sent to condenser 
D701, where it is cooled to 170°F, the boiling point of water at 6psi, and condensed back to 
liquid water.  This liquid water is collected in holding tank M701.  From this tank, it is pumped 
to 543 psia by pump P701, operating at an 85% isentropic efficiency, split into two streams with 
flow rates of S711 and S712, and sent back to the boiler tubes and the HRSG, respectively. 
Lastly, stream S708 is the gas outlet product from the HRSG that is released to the 
atmosphere. S708 exits the HRSG at 317 °F, which is a much lower and more acceptable release 
temperature than the original outlet of the gas turbine. S708 is released at 15 psia, which is just 
slightly above atmospheric pressure.  
 
Boiler with Steam Turbine 
 The boiler with steam turbine cycle utilizes a boiler to absorb reaction heat and generate 
steam.  Unlike previous processes that utilize a boiler, the large quantity of water sent through 
boiler tubes is allowed to absorb most of the combustion heat, and therefore, the gaseous 
combustion products exit the boiler at a very low temperature and are released into the 
atmosphere.  The superheated steam that is produced from the vaporization of the water is 
utilized in a Rankine cycle to generate power from a single steam turbine Figure 11 on page 39 
and Table 8 on page 40 show the process flow diagram and stream summary table for this case, 
respectively. 
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 In this process, air stream S801 enters at 68 °F and 14.7 psia, with a total flow of 13,210 
lbmol/hr. Air composition is assumed to be 20.9 mol% oxygen, 78.1 mol% nitrogen, .033 mol% 
carbon dioxide, and .94 mol% argon. Because the combustion products are not subsequently sent 
through a gas turbine, the air fed into the system does not need to be compressed to a high 
pressure.  S801 then enters a single stage isentropic compressor, C801, which only compresses 
the air to 34.7 psia and requires 5.6MW of power.  This compression to 34.7 psia accounts for a 
15 psi pressure drop across a later valve, resulting in a stream pressure of 19.7 psia entering the 
boiler reactor.  
The fuel gas stream S804 composed of 95% methane and 5% ethane, enters the process at 
a flow rate of 1,321 lbmol/hr. The fuel enters at 90°F and 350 psia but is expanded through a 
valve to a pressure of 19.7 psia. Streams S803 and S804 are combined prior to entering the 
combustion chamber to create a uniform feed. The uniform feed ensures that the reactor will not 
form large hot spots, which would require higher temperature materials. The combined stream 
enters combustion chamber F801, which is held at 20 psia. The slight pressurization ensures that 
gas will not leak into the chamber.  Stream S805 represents a theoretical stream at the site of the 
flame in the boiler system at 3,690°F and 350 psia.  The heat form this theoretical stream is 
immediately being transferred to the water in the boiler tubes that line the walls of the 
combustion chamber. The boiler is modeled as a heat exchanger, H701, but the line around the 
system indicates that the combustion chamber and heat exchanger model are actually one piece 
of boiler equipment. Because of the rudimentary design of the boiler, the heat exchanger was 
modeled to have a MITA of 50°F.  Additionally, to account for pressure losses across the boiler 
tubes and the reaction chamber, the exchanger is also modeled with an 8 psi pressure drop across 
both the cold-side and hot-side of the exchanger.  Water is fed into the boiler tubes at 170°F, 528 
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psia, and a rate of 13,100 lbmol/hr via stream S812.  The water is vaporized and exits the boiler 
tubes as superheated steam at 1,940°F and 520 psia in stream S807.  The gaseous combustion 
products are cooled to a temperature of 221°F and exit the process at this temperature and a 
pressure of 14.7 psia.   
The steam generated in the boiler is then fed into a Rankine cycle.  From the boiler tubes, 
the steam is fed to a steam turbine, T801.  The turbine operates at an 85% isentropic efficiency 
and generates 45.7MW of power.  The steam exits the turbine through S808 at 719°F and 6 psia, 
and is fed into a condenser, D801.  Here the steam is cooled to 170°F, which is the dew point 
temperature of water at 6 psia and exits the condenser as liquid water in stream S809.  This water 
is collected in holding tank M801.  From here, the water is pressurized to 543 psia by pump 
P801, sent across a control valve, across which a 15 psi pressure drop occurs, and returned to the 
boiler tubes at 170°F and 528 psia.  
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Utilities Requirements and 
Energy Balances
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Process Energy Balances 
The main objective of this design project is to recover heat from the exhaust of the gas 
turbine in the simple gas turbine process.  Utilizing a Brayton cycle, this process involved the 
conversion of heat, evolved from the combustion of the fuel, to shaft work via the turbine.  The 
exhaust stream from the gas turbine is entering the environment at about 860˚F and 20 psia.  Not 
only is this a loss of useful energy that is recoverable, this also violates most environmental 
regulations on exhaust gas temperature.   Various techniques are utilized to recover this lost 
energy and lower the temperature of the exhaust gas stream.  Among these are the incorporation 
of a Rankine cycle, the introduction of steam injection into the reactor, often referred to as the 
Poor Man’s combined cyce, and the utilization of a boiler rather than a simple combustor.  All of 
these techniques strongly depend on the production of steam by transferring heat from a gas 
stream, either the gas stream exiting the reactor or leaving the gas turbine, to a water stream.  
This steam is then converted to shaft work in a variety of ways.  Since all the processes are 
scaled to produce a net work output of 40MW, each heat recovery technique reduces the amount 
of fuel required to achieve this net work output.   
Rankine Cycle 
 Four of the processes studied, the combined cycle, boiler with combined cycle, boiler 
with combined steam cycle, and boiler with heated combined steam cycle, incorporate the 
Rankine cycle to recover energy from the turbine exhaust stream.  As previously mentioned, this 
cycle uses the heat from the turbine exhaust to vaporize pressurized water to produce pressurized 
steam.  This steam is then fed through a steam turbine to generate shaft work.  The outlet from 
the steam turbine is condensed, re-pressurized, and sent back to the heat exchanger to create a 
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closed cycle.  The heating curves for this exchanger for the four processes are displayed below in 
Figure 17. 
(a) 
 
 
 
 
 
 
 
(c) 
 
 
(b) 
 
 
 
 
 
 
 
 
(d) 
 
 
 
 
 
 
Figure 17: Heating curves for (a)Base Case with Combined Cycle, (b) Boiler Case with 
Combined Cycle with zoomed in pinch, (c) Boiler Case with Combined Steam to Steam Turbine, 
and (d) Boiler Case with Heated Combined Steam to Steam Turbine.  Pinch at hot side of 
exchanger shown in zoom. 
To ensure maximum heat recovery from the turbine exhaust, the work produced from the steam 
turbine was maximized.  This was done by conducting a sensitivity analysis on the amount of 
water entering the heat exchanger, the temperature of the steam leaving the heat exchanger, and 
the power output of the steam turbine.  Such an analysis led to the determination that the 
temperature of the steam contributed more significantly to steam turbine work generation than 
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the actual volume of steam going through the steam turbine.  Therefore, the heat exchangers are 
designed to so that the outlet steam stream temperatures are maximized.  From Figure 1, it can be 
seen that for all the cases involving the Rankine Cycle, the exchangers are designed to pinch at 
the hot side of the exchangers at a minimum temperature approach of 3.6˚F to maximize the 
steam temperature.  This allows for the maximum recovery of energy from the gas turbine 
exhaust. 
Steam Injection (Poor Man’s Combined Cycle) 
 Similarly to the Rankine cycle, steam injection utilizes the heat from the turbine exhaust 
to produce steam from water.  However, instead of using the generated steam to run a steam 
turbine, this steam is injected back into the combustor or boiler.  This addition of steam provides 
a larger volume of gas to power the turbine.  Furthermore, when applied to the simple gas 
turbine, the addition of steam with a temperature lower than that of the combustor lowers the 
temperature in the combustor.  This decreases the required amount of excess air fed into the 
combustor which in turn, lowers the power required to compress the air.   The heating curves for 
processes utilizing steam injection are shown below in Figure 18. 
(a)  
 
(b) 
 
  
   
Figure 18: Heating curves for (a) Base Case with Steam Injection and (b) Boiler Case with 
Steam Injection. 
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Because larger volumes of lower temperature steam are more beneficial to the process, the heat 
exchangers used in processes involving steam injection are not designed to pinch at the hot side 
of the exchanger like those involving the Rankine Cycle.  This can be seen in the heating curves 
in Figure 18.   
Boiler 
 The use of a boiler in place of a combustor recovers the combustion heat that is lost to the 
large quantity of excess air.  To convert this heat to useful work, the combustor is replaced with a 
boiler.  In all of the processes that utilized a boiler, except for the case with a steam turbine only, 
the water fed through the boiler cools the contents to the specified unit outlet temperature of 
1940˚F.  This value is constrained by the maximum temperature turbine materials could 
withstand.  The steam that evolves from the vaporization of the boiler water also follows this 
temperature constraint as it is always fed into a steam turbine.  For these processes, again, except 
for the case with a steam turbine only, the inlet and outlet conditions of both the hot and cold 
streams are fixed.   
 For the case with a steam turbine replacing a gas turbine completely, the gas exhaust of 
the boiler is no longer constrained to the 1940˚F since it is not subsequently sent through a 
turbine.  The heating curve for this exchange is displayed below in Figure 19. For this case, the 
boiler is designed to have the pinch occur at the cold side.  This is done to ensure that the gas 
exhaust from the boiler, which is released into the atmosphere, is at the minimal temperature.  
This further ensures that the most steam is being produced at the appropriate temperature and 
therefore, that the most power is being recovered via the steam turbine. 
 
 
 84  
 
0
500
1000
1500
2000
2500
3000
3500
4000
0.00E+00 1.00E+08 2.00E+08 3.00E+08 4.00E+08 5.00E+08
Te
m
pe
ra
tu
re
 (F
) 
Heating Duty (Btu/hr) 
HOT
COLD
 
 
 
 
 
 
 
 
Process Efficiencies 
 To evaluate the energy recovery of these designs, the thermodynamic efficiency of each 
process is determined.  Sample efficiency calculations can be seen in the Appendix on page 214. 
Since the ultimate benefit of the heat recovery from the turbine exhaust is a decrease in fuel 
requirements, the thermodynamic efficiency is determined by the ratio of the net work achieved 
by the system (40MW for all cases) to the fuel energy content.  The fuel energy content is 
defined as the Lower Heating Value (LHV) of the fuel at its specified pressure and temperature.  
The results are summarized below in Table 9  and Figure 20. From Table 9 and Figure 20, it can 
be seen that each of the processes presented in this project have higher efficiencies than the 
simple gas turbine.  Much literature has shown that the utilization of a combined cycle results in 
the highest efficiency gains10.  Of the processes that utilized the addition of a Rankine cycle to 
produce a combined cycle, all exhibit significantly higher efficiencies than that of the simple gas 
turbine.  The combined cycle process reaches an efficiency of 35.9%, which is the maximum for 
the processes involving the combustor.  Processes utilizing the boiler in addition to the Rankine 
cycle have efficiencies that surpass 35.9%.  This supports the theory that the use of a boiler 
recovers the combustion heat that would otherwise be lost to excess air.   
Figure 19:  Heating Curve for Boiler Case with Steam Turbine Only. 
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Process Efficiency 
1. Base Case with Excess Air 27.1% 
2. Base Case with Poor Man’s 30.9% 
3. Boiler Case with Steam 
Turbine Only 
31.5% 
4. Boiler Case with Combined 
Steam to Steam Turbine 
32.1% 
5. Boiler Case with Poor Man’s 32.2% 
6. Base Case with Combined 
Cycle 35.9% 
7. Boiler Case with Combined 
Cycle 37.1% 
8. Boiler Case with Heated 
Combined Steam to Steam 
Turbine 
38.3% 
Table 9. Summary of process efficiencies. 
 
 The process with the highest efficiency is the boiler with the heated combined steam.  For 
this process, the steam from the Rankine cycle is heated by the combustion heat and combined 
with the steam from the boiler.  This allows for more energy recovery by the steam turbine, and 
therefore, an efficiency higher than that of the boiler with combined cycle alone. 
 For the processes that utilize the Poor Man’s combined cycle, the efficiencies are 
between those of the simple gas turbine and the combined cycle.  Similarly to the processes with 
the combined cycle, the Poor Man’s combined cycle with the boiler has a higher efficiency than 
that with the combustor. 
 The process with a boiler and steam turbine has an efficiency between that of the Simple 
Gas Turbine and the boiler with Poor Man’s combined cycle.   
0.0%
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Figure 20. Graph of process efficiencies 
corresponding to values in Table 1. 
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Utility Requirements 
 For all processes that improve upon the Base Case with Excess Air, the utilities involved 
are cooling water, boiler water, and electricity.  
 
Cooling Water 
 Cooling water for this process is specified to have a temperature of 58˚F.  This cooling 
water is used in multi-stage compressor units and the condenser units.  In the multi-stage 
compressors, cooling water is used for intercooling of materials in between stages.  Cooling 
water is used in condensers to condense steam back into liquid water.  In all applications, the 
cooling water undergoes a temperature rise of 20˚F.  The price of the cooling water was assumed 
to be $0.075/1000gal (Seider).  For the eight processes presented, the cooling varies between 
82.3MMBtu/hr and 305MMBtu/hr.  This results in cooling water flow rates between 3,901 
Mgal/year and 14,500 Mgal/year.  The cost of cooling water ranges from $293,000/year and 
$1,090,000/year.  A sample cooling water calculation can be seen in the Appendix on page 213. 
The two processes that involve the Poor Man’s combined cycle require the least amount of 
cooling water.  This is a result of the decrease in cooling duty in the compressor, since less air is 
required.  The combined cycle use larger amounts of cooling water due to the cooling duty of 
condensers involved in the cycle.  The process that requires the most amount of cooling water is 
the boiler with steam turbine.  This is due to the large amounts of duty required to be removed in 
the condenser.  Exact values for each process are summarized below in  
Table 14. 
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Boiler Water 
 Boiler water is used in any of the processes for which fouling is a concern.  These include 
processes involving the introduction of a Rankine Cycle, the incorporation of steam injection, 
and the replacement of the combustor with a boiler.   For the Rankine Cycle, boiler water is fed 
into the heat exchanger and circulated through the cycle.  For steam injection, boiler water is fed 
into the heat exchangers to produce the steam that is injected into the combustor or boiler.  For 
the processes with boilers, boiler water is run through the boiler pipes and vaporized to produce 
steam.  For processes which involve the cycling of boiler water, a makeup of 2% of the water 
flow rate is supplied to account for any leaks.  The processes requiring the most boiler water are 
those involving the Poor Man’s combined cycle.  The two processes with Poor Man’s combined 
cycle, one with a combustor and the other with a boiler, require 123,000lb/hr of boiler water 
which costs $222,000/year and 98,600lb/hr of boiler water which costs $179,000/year, 
respectively.  The processes involving the Rankine cycle require between 1,960lb/hr and 
4,834lb/hr of boiler water with costs ranging from $3,560/year to $8,760/year.  Of these 
processes, the one involving the combustor requires less than those involving a boiler.  The 
process with a boiler and steam turbine requires 4,720lb/hr of boiler water which costs 
$8,550/year.  The exact values for each process are summarized below in Table 11.  A sample 
boiler water calculation can be seen in the Appendix on page 211. 
Electricity 
 In each of the processes, a net of 40MW is generated for use in the liquefaction process.  
In each process, electricity is produced by either a gas turbine, steam turbine, or both.  Electricity 
is used by the compressors and pumps in the processes that involve these pieces of equipment.  A 
summary of this consumption and production for each process is presented below.  
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Unit Descriptions
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Gas Turbine Units (Compressor, Combustor, Expander) 
Gas turbines are sold in a unit of three parts: a compressor, a combustor and an expander 
all on the same shaft. All cases studied have one gas turbine, with the exception of the boiler 
with the steam turbine. In this case, the steam turbine is the only turbine in the process, thus 
making it the main turbine. All prices obtained for the main turbine are for the unit as a whole, as 
quotes from companies include all three parts. The required power for the compressor is offset 
by the shaft work produced by the turbine.  
Compressors 
All compressors in the gas turbine unit are constructed of high strength, corrosion 
resistant stainless steel airfoil materials and stainless steel alloy11 for a “gas turbine drive.” A 
three-stage, centrifugal compressor is used for compressors C101-C701. Each stage has an 
efficiency of 72%, as determined by Aspen, for an overall efficiency of 37.3% for all three stage 
compressors. Compressors C101-C701 are used to compress air feeds S101-S701, respectively, 
to 365 psia from atmospheric pressure. C101-C701 use intercooling between stages 1 and 2, and 
2 and 3, but does not cool the outlet product. A summary of the cooling water utility 
requirements of the compressors can be seen in Table 10 on page 87. A single stage centrifugal 
compressor is used for C801. The efficiency for C801 is 72%. C801 compresses air feed S801 
from atmospheric pressure to 34.7 psia. C801 is not intercooled and therefore does not have 
cooling water utilities for the compressor.  Table 13 below summarizes the power requirement, 
in megawatts, for each compressor. The cases show a general, decreasing trend in compressor 
power requirements, with the single stage compressor requiring the least amount of power as 
expected. The lower the power requirement for the compressor, the smaller the turbine can be in 
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each case, thus saving costs. For additional, specific information on the compressors, see the 
specification sheets starting on page 106. 
Table 13: Power required to run the compressor in each of the eight processes studied. 
Compressor  Power Required  Equipment Summary 
Sheet 
Unit No. MW Page # 
C101 75.6 107 
C201 75.6 110 
C301 53.8 117 
C401 38.6 122 
C501 20.1 130 
C601 23.3 139 
C701 19.5 146 
C801 5.6 153 
 
Combustion Chamber/Boiler 
 Processes with excess air use a combustion chamber as the reactor, whereas the rest of 
the processes use a boiler. All combustors are adiabatic chambers. There is very little cost 
difference between the two set ups, as given in a quote from The Linde Group12; however due to 
the additional materials needed for the tubing and higher temperature of operation, a $50,000 
additional cost is added to the boiler prices as suggested by the firm. As a boiler is more 
rudimentary than a heat exchanger, the minimum temperature approach for the boiler is specified 
at 50 °F, and in most cases the temperature approach surpasses this. Table 14 summarizes the 
capacities of each reactor, in terms of duty of the products. As aforementioned, a “Dry Low NOx 
combustion system” is used that is capable of achieving 5 ppm NOx on natural gas14.  
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Table 14: Heat duty of the outlet products of the combustors in each of the cases. 
Combustion 
Chamber/ Boiler Heat Duty  
Equipment 
Summary Sheet 
Unit No. MMBtu/hr Page # 
F101 39.2 108 
F201 29.6 111 
F301 366 118 
F401/H401 406 123 
F501/H501 12.9 130 
F601/H601 14.9 140 
F701/H701 12.5 147 
F801/H801 25.7 154 
 
Both the boiler set-up and the combustion chamber require refractory materials and brick 
lining to account for the high temperatures in the reactor. The basic combustion chamber consists 
of three parts: fuel injection system, the cylindrical combustion liner, and the transition piece. In 
terms of the chamber hardware and combustion liner, there are two material options between the 
boiler group and the excess air group. Nimonic 263 is the most recently introduced alloy in 
turbine use, and is about 250 °F stronger than the original AISI 309 stainless steel used as the 
liner 13 . Nimonic 263 is used in the boiler processes, as it withstands higher temperatures. 
Hastelloy-X is an intermediate strength between Nimonic 263 and AISI 309, and can be used as 
the material in the excess air processes where the adiabatic flame temperature in the reactor is 
lower. Additionally, a thermal barrier coating (TBC) insulator is applied to the walls of the 
chamber to lower the temperature of the metal walls. The TBC is 380 to 640 microns in 
thickness and consists of two layers: a bond coat made of NiCrAlY, and a top coat of yttria 
stabilized zirconia (YSZ). The TBC coating reduces the temperature of the metal by 8 to 16 °F 
per 25.4 microns of coating. 
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Turbine Expander 
The turbine expanders used in these studies are all 90% efficient, as given by the problem 
statement. All turbine wheels and spacers are made of 1% Cr - 1.25% Mo - 0.25% V steel. This 
alloy is used in the quenched and tempered condition to enhance bore toughness13. Additionally, 
all three-component turbine systems have a casing surrounding the combined system. This 
casing is composed of a series of cast iron castings bolted together end-to-end. The castings at 
the inlet and compressor (forward end of the machine) are made of gray iron, while those at the 
discharge and turbine shell (back end of the machine) are made of ductile iron. Cast iron has 
excellent castability and machinability, and is therefore used in this application13. 
Environmental concerns are an important part of the solution to the heat recovery 
problem. To combat high NOx emissions that come from combustion, low NOx emission 
combustion systems are used. Using low NOx emission combustion systems, NOx emissions 
range from 4 to 5 ppm for natural gas fuel, and CO emissions range from 9 to 25 ppm14. In the 
event that these plants would be installed world-wide, the turbines also meet international 
standards including: CE Marking 93/68/EC, WEEE 2002/96/CE, exposure of workers to noise 
2003/10/EC, functional safety IEC61508/IEC61511, Russian codes: Gost R, RTN, ASME "U" 
stamp-pressure vessels and "CCC" mark for China14.  
The cost of the turbine systems depends on the compressor load, which needs to be offset 
by the turbine power production to have a net of 40 MW to run the liquefaction process. Table 
15 below summarizes the cost for the compressor, combustor, and expander equipment. As the 
simple gas turbine requires the most air, and therefore the most compressor power, it is fitting 
that its turbine is the most expensive. More specific equipment pricing summaries for the gas 
turbine units can be found in the see the equipment specification sheets in Section 12. 
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Table 15: Purchase Cost and Total Bare Module Cost for the Turbine Systems in Each of the 
Eight Cases 
Case Gas Turbine System 
Purchase Cost 
Gas Turbine System 
Bare Module Cost 
Equipment 
Summary Sheets 
 $ $ Page # 
Simple Gas Turbine $ 12,129,000 $ 26,080,000 107-109 
Combined Cycle $ 9,851,000 $ 21,180,000 110-116 
Poor Man’s Combined 
Cycle 
$12,129,000 $ 26,080,000 117-121 
Boiler with Poor Man’s 
Combined Cycle 
$ 9,100,000 $ 19,570,000 122-129 
Boiler with Combined 
Cycle 
$ 5,340,000 $ 11,480,000 130-138 
Boiler with Combined 
Steam Cycle 
$ 5,940,000 $12,770,000 139-145 
Boiler with High 
Temperature Combined 
Steam Cycle 
$5,220,000 $11,220,000 146-152 
Boiler with Steam 
Turbine 
$ 7,277,000 
(steam turbine) 
$ 15,650,000 153-157 
 
Steam Turbines 
 The steam turbines purchased are designed for use in a combined cycle, as both the 
combined cycle steam turbines and the boiler steam turbines act as a combined cycle. The simple 
gas turbine and the Poor Man’s combined cycle do not utilize steam turbines. All steam turbines 
are 85% efficient, as advised by a consultant from Air Products15. Condensing steam turbines are 
purchased, as in several cases, there was up to 4% steam condensation at the outlet of the turbine. 
Condensation of up to 12% is permissible in condensing steam turbines. The inlet section of the 
steam turbine has a hydraulically actuated multi-valve system, and the steam flow is controlled 
by partial or full arc of admission. The turbines are single flow due to the relatively low power 
output required and also have fixed pressure control to maintain constant power output16. The 
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turbines are all multi-stage, single-reheat turbines.  The steam turbines also have separate high 
pressure (HP) casing module in the front of the turbine, an intermediate pressure (IP) casing 
module and a low pressure (LP) casing module in the back of the turbine17.  The turbine casings 
are concentric multi-shell cylinders, which have excellent thermal behavior which provides a 
large operating flexibility, rapid startups and load changes. Additionally, no preheating is 
required at startup. 
 Steam turbines are assumed to be 60% of the cost of the gas turbines of the same 
capacity18. Steam turbine costs are summarized in Table 16 below. In each process, the steam 
turbines driven by the boiler are listed first, followed by any additional steam turbines.  
Table 16: Summary of the steam turbines in each process and their respective costs. 
Case Turbine Unit 
Net Capacity 
(MW) 
Bare Module 
Cost 
Equipment 
Summary 
Sheets 
 Unit No. MW $ p. # 
Combined Cycle T201 9.8 5,530,000 114 
Boiler with Poor Man’s 
Combined Cycle T401 17.0 6,830,000 125 
Boiler with Combined 
Cycle 
T501 22.7 10,260,000 133 
T503 4.4 3,040,000 137 
Boiler with Combined 
Steam Cycle 
T601 25.0 11,030,000 142 
Boiler with High 
Temperature Combined 
Steam Cycle 
T701 27.4 11,820,000 149 
Boiler with Steam 
Turbine T801 40.0 15,650,000 155 
 
While the steam turbine is more expensive in the boiler with the high temperature 
combined steam cycle than in the boiler with the combined steam cycle, more of the duty is 
shifted to the steam turbine in the former case. As steam turbines are only 60% of the cost of gas 
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turbines, this shift in energy production is advantageous to the overall capital investment of the 
plant.  
Heat Exchangers 
 All heat exchangers in the process are shell-and-tube heat exchangers. There are no heat 
exchangers in the simple gas turbine process. After verifying temperature limits, carbon steel 
was chosen as the fabrication material. Heat exchangers all have 40 foot length tubes, and 1 inch 
OD tubes. Exchangers are sized and priced individually according to Seider, et al.19, and are then 
combined into larger units using the following correlation from Douglas for larger heat 
exchangers:20  
Actual cost = (Cost at lower flow) *(number of small exchangers)0.65  (2)  
A sample calculation for heat exchanger pricing and sizing can be seen in the Appendix on page 
208. All heat exchangers use hot gas turbine exhaust consisting of various amounts of nitrogen, 
water, oxygen, carbon dioxide and trace argon, NOx, and CO products (see Process 
Descriptions for exact compositions) to heat incoming process water to be vaporized to steam. 
Using the guidelines set forth by Seider, et al.19 a heat transfer coefficient of 60 BTU/(hr SQFT 
˚F) was selected, as the main materials in the transfer are air, nitrogen and water. Additionally, 
all heat exchangers are divided into two separate pieces of equipment, to account for the 
disengagement space in the exchanger. With this in mind, each of the two exchangers is assumed 
to be half full to allow for this space.  
 
Base Case with Combined Cycle 
 H201 and H202 are the heat exchangers in the combined cycle. These two heat 
exchangers take the hot exhaust gas stream S206 with a flow rate of 33,428 lbmol/hr to heat 
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5,450 lbmol/hr of water from stream S213. The exchangers cool S206 from 858 °F to 333 °F and 
heat S213 from 171 °F to 855 °F. The gaseous products are released at 525 °F lower than had the 
cycle not been implemented, thus greatly reducing environmental impact. Stream S213 is then at 
the highest possible temperature with regard to the minimum temperature approach for 
producing maximum power to the steam turbine. This process transfers 131 MMBtu/hr of heat.  
 
Base Case with Poor Man’s Combined Cycle 
H301 and H302 are the heat exchangers in the Poor Man’s combined cycle. These two 
heat exchangers take the hot exhaust gas stream S307 with a flow rate of 35,635 lbmol/hr to heat 
4,000 lbmol/hr of water from stream S310. The exchangers cool S307 from 879 °F to 492 °F and 
heat S310 from 58 °F to 876 °F. The gaseous products are released at 387 °F lower than had the 
cycle not been implemented, thus greatly reducing environmental impact. Stream S310 is then at 
the highest possible temperature with regard to the minimum temperature approach for 
producing maximum power to the steam turbine. This process transfers 106 MMBtu/hr of heat. 
 
Boiler Case with Poor Man’s Combined Cycle 
 H401 and H402 are the heat exchangers in the Poor Man’s combined cycle. These two 
heat exchangers take the hot exhaust gas stream S413 with a flow rate of 15,779 lbmol/hr to heat 
3,929 lbmol/hr of water from stream S418. The exchangers cool S413 from 934 °F to 190 °F and 
heat S418 from 58 °F to 588 °F. The gaseous products are released at 738 °F lower than had the 
cycle not been implemented, thus greatly reducing environmental impact. Stream S310 is then at 
the optimal temperature with regard to sensitivity analyses for minimizing costs to the process. 
This process transfers 94 MMBtu/hr of heat. 
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Boiler Case with Combined Cycle 
H501 and H502 are the heat exchangers in the combined cycle. These two heat 
exchangers take the hot exhaust gas stream S513 with a flow rate of 12,564 lbmol/hr to heat 
2,350 lbmol/hr of water from stream S518. The exchangers cool S513 from 905 °F to 190 °F and 
heat S418 from 171 °F to 902 °F. The gaseous products are released at 715 °F lower than had the 
cycle not been implemented, thus greatly reducing environmental impact. Stream S513 is then at 
the highest possible temperature with regard to the minimum temperature approach for 
producing maximum power to the steam turbine. This process transfers 177 MMBtu/hr of heat. 
 
Boiler with Combined Steam to Steam Turbine 
H601 and H602 are the heat exchangers used to heat the split streams in this solution. 
These two heat exchangers take the hot exhaust gas stream S607 with a flow rate of 14,530 
lbmol/hr to heat 2,655 lbmol/hr of water from stream S612. The exchangers cool S607 from 906 
°F to 332 °F and heat S612 from 171 °F to 902 °F. The gaseous products are released at 574 °F 
lower than had the cycle not been implemented, thus greatly reducing environmental impact. 
Stream S612 is then at the highest possible temperature with regard to the minimum temperature 
approach for producing maximum power to the steam turbine.  This process transfers 63 
MMBtu/hr of heat. 
 
Boiler with Heated, Combined Steam to Steam Turbine 
H701 and H702 are the heat exchangers used to heat the split streams in this solution. 
These two heat exchangers take the hot exhaust gas stream S707 with a flow rate of 12,173 
lbmol/hr to heat 2,276 lbmol/hr of water from stream S712. The exchangers cool S707 from 906 
°F to 319 °F and heat S712 from 171 °F to 902 °F. The gaseous products are released at 587 °F 
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lower than had the cycle not been implemented, thus greatly reducing environmental impact. 
Stream S712 is then at the highest possible temperature with regard to the minimum temperature 
approach for producing maximum power to the steam turbine. This process transfers 56 
MMBtu/hr of heat. 
 
Pumps 
 All pumps used in each case are carbon-steel constructed, centrifugal pumps with various 
capacities. All pumps are used to pressurize water before it enters the heat-exchangers to form 
pressurized steam. As given by the problem statement, all centrifugal pumps are 85% efficient. 
Table 17 below summarizes which pumps are used in each process, where the pumps are used in 
the processes, their capacities, and a reference to their Equipment Summary Sheets, which can be 
found starting on page 106. 
The pump in the boiler with combined steam cycle requires the highest capacity, and 
pumps the highest flow rate of water. As it requires the highest capacity and flow rate, this pump 
is the most expensive. Unlike other cycles, this cycle pumps the combined outlet of the boiler 
and water for the HRSG, adding to its flow rate and required capacity. However, as seen in the 
table, the pump costs are negligible compared to the other capital costs. 
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Table 17: Summary of the pumps in each process and their respective capacities and prices. 
Process Pump Unit Description 
Water flowrate 
pumped Capacity Price 
Case Description Unit No. Location lbmol/hr MW $ 
Combined Cycle P201 Pumps water in 
Rankine cycle 
5,450 .06 101,000 
Poor Man’s 
Combined Cycle 
P301 Pumps water in Poor Man’s 
cycle 
6,800 .04 89,000 
Boiler with Poor 
Man’s Combined 
Cycle 
P401 Pumps water in 
Rankine cycle 
3,763 .04 90,000 
P402 Pumps water in Poor Man’s 
cycle 
5,400 .04 86,000 
Boiler with 
Combined Cycle 
P501 Pumps water in 
Rankine cycle 
8,845 .09 190,000 
13,416 .14 220,000 
Boiler with 
Combined Steam 
Cycle 
P601 Pumps recycled water before it 
is split 
7,882 .08 187,000 
Boiler with High 
Temperature 
Steam Cycle 
P701 Pumps recycled water before it 
is split 
13,089 .14 140,000 
Boiler with Steam 
Turbine 
P801 Pumps condensed water 
to boiler 
5,450 .06 101,000 
 
Condensers 
 Condensers are used in the processes with steam turbines to condense the steam turbine 
exhaust in order to recycle it as liquid flow for the combined cycle or to be sent back to the 
boiler. The steam turbine exhaust exits the steam turbine at 174 °F and 6 psia in all cases except 
for the boiler with steam turbine, and is condensed to its boiling point (at 6 psia) of 170 °F by the 
condenser. In the case with the boiler with steam turbine, the steam exits the turbine at 719 °F. 
The condensers are run at a partial vacuum of 6 psia. All condensers are modeled as shell and 
tube heat exchangers, with cooling water at 58 °F used as the cooling medium. A temperature 
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rise of 20 °F of the cooling water is used in the condensers.  Both the shell and the tube are made 
of carbon steel in all condensers. Condenser duty varies based on the flow rate of the steam 
needing to be condensed. The condenser duties for each case in which a condenser is present are 
summarized in Table 18 below. 
 
Table 18: Summary of the condensers in each process and their respective capacities and prices 
Process Condenser Unit Flow rate of Water Condensed Duty Price 
Case Description Unit No. lbmol/hr MMBtu/hr $ 
Combined Cycle D201 5,450 98 257,000 
Boiler with Poor 
Man’s Combined 
Cycle 
D401 3,762 87 237,000 
Boiler with 
Combined Cycle 
D501 6,495 150 261,000 
D502 2,3650 43 161,000 
Boiler with 
Combined Steam 
Cycle 
D601 13,417 240 447,000 
Boiler with High 
Temperature Steam 
Cycle 
D701 7,882 180 272,000 
Boiler with Steam 
Turbine 
D801 13,089 310 399,000 
 
The condenser in the case with the boiler with the steam turbine requires the highest 
capacity. In all of the other cases, the steam only needs to be cooled by 4 °F to reach 170 °F, 
whereas in this case the steam needs to be cooled 549 °F, from 719 °F to 170 °F. Due to large 
cooling duty required, the capacity is the highest in this case, and the condenser is the most 
expensive. This represents a shift in costs from the compressor to the condenser. In other cases, 
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the compressor is extremely expensive and requires a high cooling duty, whereas in this case the 
condenser is very expensive and requires a high cooling duty. 
 
Storage Tanks 
 In cases which water is recycled, a storage tank is added to handle surges and to replace 
any water that is lost in each recycle loop. A storage tank needs to hold the total system volume 
of water. However, estimating the total system volume is difficult, so an approximate estimate 
was made of the system volume. The estimate is based on six times the volume required for 
fifteen minutes of liquid hold up21. A sample calculation for storage tank pricing and sizing can 
be seen in the Appendix on page 211. 
 Storage tanks are spherical tanks in the low pressure range. The volume in the storage 
tank varies based on each process. Storage tanks are constructed of carbon steel. Table 19 below 
summarizes the size and cost of the storage tanks in each cycle with a recycle loop. 
Table 19: Summary of the storage tanks in each process and their respective volumes and prices 
Process Storage Unit Volume of Tank Price 
Case Description Unit No. gallons $ 
Combined Cycle M201 21,840 94,000 
Boiler with Poor Man’s 
Combined Cycle M401 15,079 72,000 
Boiler with Combined Cycle M501 35,448 134,000 
Boiler with Combined 
Steam Cycle M601 53,770 181,000 
Boiler with High 
Temperature Combined 
Steam Cycle 
M701 31,589 123,000 
Boiler with Steam Turbine M801 52,457 179,000 
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 The storage tank in the boiler with steam turbine process and boiler with combined steam 
cycle require the highest volumes. In the system with only the steam turbine, the storage tank 
must hold all of the recycled, condensed steam from the turbine, which is a much higher volume 
than in some of the other systems. Similarly, the combined steam cycle’s storage tank must hold 
the combined, condensed steam streams which add to its large capacity. As seen by the table, the 
size and cost of the storage tanks is negligible in the overall capital investment scheme. 
 
Valves and Controllers  
 Valves and controllers are installed in all places that require precise pressure 
measurement and to account for pressure drops across equipment and piping. As the length of the 
piping is unknown for each case, all valves are assumed to have a pressure drop of 15 psi. There 
are two important locations in each process where pressure maintenance is essential: the 
compressor outlets and pump outlets. In all cases, a valve and controller are placed after the 
compressor. The controller is used to regulate the outlet pressure of the compressor. In all cases 
with pumps, a valve and controller are placed after the pump. The controller is used to regulate 
the outlet pressure of the pump, so the necessary pressure is maintained before entering the 
turbine. Pressure loss is assumed to be negligible across the combustor due to the combustor 
design22, and the controller and valve system is not implemented because the gas outlet should 
be at as high of a pressure as possible before entering the turbines. However, in the case of the 
boilers, pressure drops are assumed across the shell-side and tube-side due to the design of the 
boiler. 
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Equipment Summary Sheets
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Item: Compressor
Item No: C101
No.Required: 1
Compress excess air to 350 psia before feeding it into the combustion vessel.
3-stage Isentropic,Centrifugal Compressor
Material: Air
Quantity (lbmol/hr): 42680
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Carbon Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 1.60E+08
Isentropic Efficiency: 72.9%
Electric Requirement (MW): 75.6
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T101
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
Assumptions=>
Materials Handled=>
Design=>
COMPRESSOR
Identification=>
Function=>
Type=>
Cost=>
Compressor Profile=>
Cooler Profile=>
Equipment Summary Sheets for the Simple Gas Turbine 
 
  
Table 20: Equipment Summary Sheet for the Compressor in the Simple Gas Turbine 
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Table 21: Equipment Summary Sheet for the Reactor in the Simple Gas Turbine  
Item: Reactor
Item No: F101
No.Required: 1
Combust methane fuel and excess air.
Combustion Vessel
Air Feed Fuel Feed Outlet
Quantity (lbmol/hr): 42680.0 1557.1 44276.1
Temperature (˚F): 388.0 90.0 1940.0
Composition:
Methane - 0.950 trace
Ethane - 0.050 -
Oxygen 0.210 - 0.129
Nitrogen 0.781 - 0.752
Carbon Dioxide 0.0003 - 0.037
Argon 0.009 - 0.009
Water - - 0.072
Carbon Monoxide - - trace
Nitrogen Oxide - - 0.00040
Nitrogen Dioxide - - 0.00001
Vessel Material: Hastelloy-X
Refractory Material: NiCrAlY;Yittria Stabilized Zirconia (YSZ)
Outlet Temperature (˚F): 1940
Outlet Pressure (psia): 350
Nox Production (lbmol/hr): 18.67
CO2 Production (lbmol/hr): 1648.99
See T101
RGibbs used as reaction model.
Cost=>
Assumptions=>
REACTOR
Identification=>
Function=>
Type=>
Design=>
Materials Handled=>
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Item: Gas Turbine
Item No: T101
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Composition: 75.24% N2,12.87% O2,.072%H20,.009%Ar,.03% CO2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 44276.1
Temperature (˚F): 1940
Pressure (psia): 350
Material of Construction: Carbon Steel
Outlet Temperature (˚F): 859
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 115.6
Net Power(MW): 40.0
$26,080,000
Net power is calculated after power to the compressor is accounted for. 
Design=>
Cost=>
GAS TURBINE
Identification=>
Function=>
Type=>
Assumptions=>
Materials Handled=>
Table 22: Equipment Summary Sheet for the Gas Turbine in the Simple Gas Turbine 
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Equipment Summary Sheets for the Combined Cycle 
 
  
Item: Compressor
Item No: C201
No.Required: 1
Compress excess air to 350 psia before feeding it into the combustion vessel.
3-stage Isentropic, Centifugal Compressor
Material: Air
Quantity (lbmol/hr): 32,223
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 1.2E+08
Isentropic Efficiency: 37.3%
Electric Requirement (MW): 57.0
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T201
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
Assumptions=>
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
Compressor Profile=>
Cooler Profile=>
Cost=>
Table 23: Equipment Summary Sheet for the Compressor in the Combined Cycle  
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Table 24: Equipment Summary Sheet for the Reactor in the Combined Cycle  
Item: Combustor
Item No: F201
No.Required: 1
Combust methane fuel and excess air.
Combustion Vessel
Air Feed Fuel Feed Outlet
Quantity (lbmol/hr): 32,319 1,180 33,528
Temperature (˚F): 388 90 1,940
Composition:
Methane - 0.95 trace
Ethane - 0.05 -
Oxygen 0.21 - 0.13
Nitrogen 0.78 - 0.75
Carbon Dioxide trace - 0.04
Argon 0.01 - 0.01
Water - - 0.07
Carbon Monoxide - - trace
Nitrogen Oxide - - trace
Nitrogen Dioxide - - trace
Vessel Material: Hastelloy-X
Refractory Material: NiCrAlY; Yittria Stabilized Zirconia (YSZ)
Outlet Temperature (˚F): 1,940
Outlet Pressure (psia): 350
Nox Production (ppm): <5
Upper Level CO2    
Production (lbmol/hr): 1,249
See T201
RGibbs used as reaction model.
Design=>
Cost=>
Assumptions=>
COMBUSTION CHAMBER
Identification=>
Function=>
Type=>
Materials Handled=>
 112  
 
 
 
 
 
 
 
  
Table 25: Equipment Summary Sheet for the Gas Turbine in the Combined Cycle  
Item: Gas Turbine
Item No: T201
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Composition: 75.24% N2,12.87% O2,.072%H20,.009%Ar,.03% CO2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 33,428
Temperature (˚F): 1,940
Pressure (psia): 350
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 859
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 87.2
Net Power(MW): 30.2
$21,180,000
Net power is calculated after power to the compressor is accounted for. 
Design=>
Cost=>
Assumptions=>
GAS TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 26: Equipment Summary Sheet for the Heat Exchanger in the Combined Cycle  
Item: Heat Exchanger
Item No: H201-H202
No.Required: 1
Use excess heat from gas turbine exhaust to create steam.
A floating head shell-and-tube heat exchanger
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 1.3E+08
Area (SQFT): 10,587
U(BTU/hr SQFT ˚F) : 60
∆Tlm: 42
Hot Side: Cold Side:
Temp In (˚F): 859 171
Temp Out (˚F): 333 855
Flow Rate (lbmol/hr): 33,428 5,450
Material: Gas Steam
$2,820,000
Assumptions=>
HEAT EXCHANGER
Function=>
Identification=>
Type=>
Design=>
Cost=>
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Table 27: Equipment Summary Sheet for the Steam Turbine in the Combined Cycle  
Item: Steam Turbine
Item No: T202
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic, Steam Turbine
Material: Steam
Quantity (lbmol/hr): 5,450
Temperature (˚F): 855
Pressure (psia): 520
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 174
Outlet Pressure (psia): 6
Isentropic Efficiency: 85%
Total Power (MW): 9.8
Net Power(MW): 9.8
$5,530,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 28: Equipment Summary Sheet for the Condenser in the Combined Cycle  
Item: Condenser
Item No: D201
No.Required: 1
Condense steam turbine exhaust in order to recycle it as liquid flow for the combined cycle. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 5,450
Temperature (?F): 174
Pressure (psia): 6
Material of Constructioin: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 9.8E+07
Outlet Temperature (?F): 170
Outlet Pressure (psia): 6
Minimum Temp. Approach (? F): 1.8
$257,000
The condensor is operated at a partial vacuum of 6 psia. 
Design=>
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 29: Equipment Summary Sheet for the Pump in the Combined Cycle  
Item: Pump
Item No: P201
No.Required: 2
Pump water to 520 psia before entrance into combined cycle heat exchanger. 
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 170
Inlet Pressure (psia): 6
Outlet Pressure (psia): 543
Volumetric Flow (CFPH): 1,669
Efficiency: 85%
Electric Requirement (MW): 0.06
$101,000
Water is pumped to 543 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Cost=>
Design=>
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Item: Compressor
Item No: C301
No.Required: 1
Compress excess air to 350 psia before feeding it into the combustion vessel.
3-stage Isentropic, Centrifugal Compressor
Materials: Air
Quantity (lbmol/hr): 21,534
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 8.3E+07
Isentropic Efficiency: 37.3%
Electric Requirement (MW): 38.1
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T301
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
Compressor Profile=>
Cooler Profile=>
Cost=>
Assumptions=>
Table 30: Equipment Summary Sheet for the Compressor in the Poor Man’s Combined Cycle  
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Table 31: Equipment Summary Sheet for the Reactor in the Poor Man’s Combined Cycle  
Item: Combustor
Item No: F301
No.Required: 1
Combust methane fuel and excess air with injected steam.
Combustion Vessel
Air Feed Fuel Feed Steam Feed Outlet
Quanitity (lbmol/hr): 21,534 1,072 6,800 29,433
Temperature (˚F): 388 90 545 1,940
Composition:
Methane - 0.95 - trace
Ethane - 0.05 - -
Oxygen 0.21 - - 0.11
Nitrogen 0.78 - - 0.67
Carbon Dioxide trace - - 0.04
Argon 0.01 - - 0.01
Water - - 1.00 0.18
Carbon Monoxide - - - trace
Nitrogen Oxide - - - trace
Nitrogen Dioxide - - - trace
Vessel Material: Hastelloy-X
Refractory Material: NiCrAlY; Yttria Stabilized Zirconia (YSZ)
Outlet Temperature (˚F): 1,940
Outlet Pressure (psia): 350
Nox Production (ppm): <5
Upper Level CO2          
Production (lbmol/hr): 1,133
See T301
RGibbs used as reaction model.
Design=>
Cost=>
Assumptions=>
COMBUSTION CHAMBER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 32: Equipment Summary Sheet for the Gas Turbine in the Poor Man’s Combined Cycle  
Item: Gas Turbine
Item No: T301
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Composition: 57.1% N2, 30.6% H20, .07% O2,.006%Ar,.003% CO2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 29,433
Temperature (˚F): 1,940
Pressure (psia): 350
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 879
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 78.1
Net Power(MW): 40.0
$26,080,000
Net power is calculated after power to the compressor is accounted for. 
Design=>
Cost=>
Assumptions=>
GAS TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 33: Equipment Summary Sheet for the Pump in the Poor Man’s Combined Cycle  
Item: Pump
Item No: P301
No.Required: 2
Pump water to 350 psia before entrance into combustion vessel.
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 58
Inlet Pressure (psia): 14.7
Outlet Pressure (psia): 373
Volumetric Flow (CFPH): 1,954
Efficiency: 85%
Electric Requirement (MW): 0.04
$78,000
Water is pumped to 373 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 34: Equipment Summary Sheet for the Heat Exchanger in the Poor Man’s Combined Cycle  
Item: Heat Exchanger
Item No: H301-H302
No.Required: 1
Use excess heat from gas turbine exhaust to create steam.
A floating head shell-and-tube heat exchanger
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 1.6E+08
Area (SQFT): 8,763
U(BTU/hr SQFT ˚F) : 60
∆Tlm: 234
Hot Side: Cold Side:
Temp In (˚F): 902 58
Temp Out (˚F): 202 546
Flow Rate (lbmol/hr): 29,433 6,800
Material: Gas Steam
$1,350,000
Assumptions=>
HEAT EXCHANGER
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 35: Equipment Summary Sheet for the Compressor in the Boiler with Poor Man’s 
Combined Cycle  
Item: Compressor
Item No: C401
No.Required: 1
Compress excess air to 350 psia before feeding it into the boiler vessel.
3-stage Isentropic, Centrifugal Compressor
Material: Air
Quantity (lbmol/hr): 10,602
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 4.0E+07
Isentropic Efficiency: 37.3%
Electric Requirement (MW): 18.8
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T401
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
Compressor Profile=>
Cooler Profile=>
Cost=>
Assumptions=>
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Table 36: Equipment Summary Sheet for the Boiler in the Boiler with Poor Man’s Combined 
Cycle  
Item: Boiler
Item No: F401
No.Required: 1
Combust methane fuel and excess air with injected steam while absorbing reaction heat.
Boiler Vessel
Air Feed Fuel Feed Steam Feed Outlet
Quantity (lbmol/hr): 10,602 1,061 5,400 17,090
Temperature (˚F): 388 90 432 1,940
Composition:
Methane - 0.95 - trace
Ethane - 0.05 - -
Oxygen 0.21 - - 0.13
Nitrogen 0.78 - - 0.75
Carbon Dioxide trace - - 0.04
Argon 0.01 - - 0.01
Water - - 1.00 0.07
Carbon Monoxide - - - trace
Nitrogen Oxide - - - trace
Nitrogen Dioxide - - - trace
Vessel Heat Exchange
Vessel Material: Nimonic 263 Cold Stream (lbmol/hr): 3,763
Refractory Material: NiCrAlY, YSZ Cold Stream Outlet Temp (˚F): 1,940
Heat Duty: 1.3E+08
Outlet Temperature (˚F): 1,940
Outlet Pressure (psia): 342
Nox Production (ppm): <5
Upper Level CO2 
Production (lbmol/hr): 1,116
see T401
RGibbs used as reaction model. 
Design=>
Cost=>
Assumptions=>
BOILER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 37: Equipment Summary Sheet for the Gas Turbine in the Boiler with Poor Man’s Combined 
Cycle  
Item: Gas Turbine
Item No: T401
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Feed Composition: 57.57% N2,.0015% O2,33.74%H20,.006%Ar,.007% CO2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 17,090
Temperature (˚F): 1,940
Pressure (psia): 342
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 934
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 45.7
Net Power(MW): 26.9
$19,570,000
Net power is calculated after power to the compressor is accounted for. 
Design=>
Cost=>
Assumptions=>
GAS TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 38: Equipment Summary Sheet for the Steam Turbine in the Boiler with Poor Man’s 
Combined Cycle  
Item: Steam Turbine
Item No: T402
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic, SteamTurbine
Material: Steam
Quantity (lbmol/hr): 3,762
Temperature (˚F): 1,940
Pressure (psia): 520
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 719
Outlet Pressure (psia): 6
Isentropic Efficiency: 85%
Total Power (MW): 13.1
Net Power(MW): 13.1
$6,830,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 39: Equipment Summary Sheet for the Condenser in the Boiler with Poor Man’s Combined Cycle  
Item: Condenser
Item No: D401
No.Required: 1
Condense steam turbine exhaust in order to recycle it as liquid flow for the combined cycle. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 3,762
Temperature (˚F): 719
Pressure (psia): 6
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 8.7E+07
Outlet Temperature (˚F): 170
Outlet Pressure (psia): 6
$237,000
The condensor is operated at a partial vacuum of 6 psia. 
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
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Table 40: Equipment Summary Sheet for Pump One in the Boiler with Poor Man’s Combined Cycle  
Item: Pump
Item No: P401
No.Required: 2
Pump water to 520 psia before entrance into combined cycle heat exchanger.
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 170
Inlet Pressure (psia): 6
Outlet Pressure (psia): 543
Volumetric Flow (CFPH): 1,152
Efficiency: 85%
Electric Requirement (MW): 0.04
$90,000
Water is pumped to 543 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 41: Equipment Summary Sheet for Pump Two in the Boiler with Poor Man’s Combined Cycle  
Item: Pump
Item No: P402
No.Required: 2
Pump water to 350 psia before entrance into steam injection heat exchanger.
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 58
Inlet Pressure (psia): 14.7
Outlet Pressure (psia): 373
Volumetric Flow (CFPH): 1,152
Efficiency: 85%
Electric Requirement (MW): 0.04
$86,000
Water is pumped to 373 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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 Table 42: Equipment Summary Sheet for the Heat Exchanger in the Boiler with Poor Man’s Combined 
Cycle  
Item: Heat Exchanger
Item No: H401-H402
No.Required: 1
Use excess heat from gas turbine exhaust to create steam.
A floating head shell-and-tube heat exchanger
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 1.1E+08
Area (SQFT): 10,696
U(BTU/hr SQFT ˚F) : 60
∆Tlm: 269
Hot Side: Cold Side:
Temp In (˚F): 942 58
Temp Out (˚F): 177 431
Flow Rate (lbmol/hr): 17,090 5,400
Material: Gas Steam
$579,000
Assumptions=>
HEAT EXCHANGER
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 43: Equipment Summary Sheet for the Compressor in the Boiler with Combined Cycle  
Item: Compressor
Item No: C501
No.Required: 1
Compress excess air to 350 psia before feeding it into the boiler vessel.
3-stage Isentropic, Centifugal Compressor
Material: Air
Quantity (lbmol/hr): 11,362
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 4.4E+07
Isentropic Efficiency: 37.3%
Electric Requirement (MW): 20.1
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T501
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
Assumptions=>
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
Compressor Profile=>
Cooler Profile=>
Cost=>
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Table 44: Equipment Summary Sheet for the Boiler in the Boiler with Combined Cycle  
Item: Boiler
Item No: F501
No.Required: 1
Combust methane fuel and excess air while absorbing reaction heat.
Boiler Vessel
Air Feed Fuel Feed Outlet
Quantity (lbmol/hr): 11,362 1,136 12,563
Temperature (˚F): 388 90 1,940
Composition:
Methane - 0.95 trace
Ethane - 0.05 -
Oxygen 0.21 - 0.13
Nitrogen 0.78 - 0.75
Carbon Dioxide trace - 0.04
Argon 0.01 - 0.01
Water - - 0.07
Carbon Monoxide - - trace
Nitrogen Oxide - - trace
Nitrogen Dioxide - - trace
Vessel Heat Exchange
Vessel Material: Nimonic 263 Cold Stream (lbmol/hr): 6,495
Refractory Material: NiCrAlY, YSZ Cold Stream Outlet Temp (˚F): 1,940
Heat Duty: 2.3E+08
Outlet Temperature (˚F): 1,940
Outlet Pressure (psia): 342
Nox Production (ppm): <5
Upper Level CO2 
Production (lbmol/hr): 1,124
see T501
RGibbs used as reaction model. 
Design=>
Cost=>
Assumptions=>
BOILER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 45: Equipment Summary Sheet for the Gas Turbine in the Boiler with Combined Cycle  
Item: Gas Turbine
Item No: T502
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Composition: 70.5% N2, 18.5%H20, .08%CO2, .008% Ar, .003% O2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 12,563
Temperature (˚F): 1,940
Pressure (psia): 350
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 906
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 33.1
Net Power(MW): 13.0
$11,480,000
Net power is calculated after power to the compressor is accounted for. 
Materials Handled=>
GAS TURBINE
Identification=>
Function=>
Type=>
Design=>
Cost=>
Assumptions=>
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Table 46: Equipment Summary Sheet for Steam Turbine One in the Boiler with Combined Cycle  
Item: Steam Turbine
Item No: T501
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic, Steam Turbine
Material: Steam
Quantity (lbmol/hr): 19,935
Temperature (˚F): 1,940
Pressure (psia): 520
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 719
Outlet Pressure (psia): 6
Isentropic Efficiency: 85%
Total Power (MW): 22.6
Net Power(MW): 22.6
$10,260,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 47: Equipment Summary Sheet for Condenser One in the Boiler with Combined Cycle  
Item: Condenser
Item No: D501
No.Required: 1
Condense steam turbine exhaust in order to recycle it as liquid flow for the combined cycle. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 6,495
Temperature (˚F): 719
Pressure (psia): 6
Material of Constructioin: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 1.5E+08
Outlet Temperature (˚F): 170
Outlet Pressure (psia): 6
$261,000
The condensor is operated at a partial vacuum of 6 psia. 
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
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Table 48: Equipment Summary Sheet for the Pump in the Boiler with Combined Cycle  
Item: Pump
Item No: P501
No.Required: 2
Pump water to 520 psia before entrance into combined cycle heat exchanger. 
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 170
Inlet Pressure (psia): 6
Outlet Pressure (psia): 543
Volumetric Flow (CFPH): 2,708
Efficiency: 85%
Electric Requirement (MW): 0.09
$190,000
Water is pumped to 543 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 49: Equipment Summary Sheet for the Heat Exchanger in the Boiler with Combined Cycle  
Item: Heat Exchanger
Item No: H501-H502
No.Required: 1
Use excess heat from gas turbine exhaust to create steam.
A floating head shell-and-tube heat exchanger
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 5.7E+07
Area (SQFT): 9,538
U(BTU/hr SQFT ˚F) : 60
∆Tlm: 39
Hot Side: Cold Side:
Temp In (˚F): 906 170
Temp Out (˚F): 318 902
Flow Rate (lbmol/hr): 12,563 2,350
Material: Gas Steam
$1,640,000
 
Assumptions=>
HEAT EXCHANGER
Identification=>
Function=>
Type=>
Design=>
Cost=>
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  Table 50: Equipment Summary Sheet for Steam Turbine Two in the Boiler with Combined Cycle  
Item: Steam Turbine
Item No: T503
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic, Steam Turbine
Material: Steam
Quantity (lbmol/hr): 2,350
Temperature (˚F): 902
Pressure (psia): 520
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 174
Outlet Pressure (psia): 6
Isentropic Efficiency: 85%
Total Power (MW): 4.4
Net Power(MW): 4.4
$3,040,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 51: Equipment Summary Sheet for Condenser Two in the Boiler with Combined Cycle  
Item: Condenser
Item No: D502
No.Required: 1
Condense steam turbine exhaust in order to recycle it as liquid flow for the combined cycle. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 2,350
Temperature (˚F): 174
Pressure (psia): 6
Material of Constructioin: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 4.3E+07
Outlet Temperature (˚F): 170
Outlet Pressure (psia): 6
$161,000
The condensor is operated at a partial vacuum of 6 psia. 
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
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Item: Compressor
Item No: C601
No.Required: 1
Compress excess air to 350 psia before feeding it into the boiler vessel.
3-stage Isentropic, Centifugal Compressor
Material: Air
Quantity (lbmol/hr): 13,141
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 5.0E+07
Isentropic Efficiency: 37.3%
Electric Requirement (MW): 23.3
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T601
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
Assumptions=>
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
Compressor Profile=>
Cooler Profile=>
Cost=>
Table 52: Equipment Summary Sheet for the Compressor in the Boiler with Combined Steam Cycle  
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  Table 53: Equipment Summary Sheet for the Boiler in the Boiler with Combined Steam Cycle  
Item: Boiler
Item No: F601
No.Required: 1
Combust methane fuel and excess air while absorbing reaction heat.
Boiler Vessel
Air Feed Fuel Feed Outlet
Quantity (lbmol/hr): 13,141 1,314 14,530
Temperature (˚F): 388 90 1,940
Composition:
Methane - 0.95 trace
Ethane - 0.05 -
Oxygen 0.21 - 0.13
Nitrogen 0.78 - 0.75
Carbon Dioxide trace - 0.04
Argon 0.01 - 0.01
Water - - 0.07
Carbon Monoxide - - trace
Nitrogen Oxide - - trace
Nitrogen Dioxide - - trace
Vessel Heat Exchange
Vessel Material: Nimonic 263 Cold Stream (lbmol/hr): 10,761
Refractory Material: NiCrAlY, YSZ Cold Stream Outlet Temp (˚F): 903
Heat Duty: 2.6E+08
Outlet Temperature (˚F): 1,940
Outlet Pressure (psia): 342
Nox Production (ppm): <5
Upper Level CO2 
Production (lbmol/hr): 1,300
see T601
RGibbs used as reaction model. 
Design=>
Cost=>
Assumptions=>
BOILER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 54: Equipment Summary Sheet for the Gas Turbine in the Boiler with Combined Steam Cycle  
Item: Gas Turbine
Item No: T601
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Composition: 70.5% N2, 18.5% H20, 08% CO2, .008% Ar, .003% O2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 14,530
Temperature (˚F): 1,940
Pressure (psia): 350
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 906
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 38.3
Net Power(MW): 15.0
$12,770,000
Net power is calculated after power to the compressor is accounted for. 
Materials Handled=>
GAS TURBINE
Identification=>
Function=>
Type=>
Design=>
Cost=>
Assumptions=>
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Table 55: Equipment Summary Sheet for the Steam Turbine in the Boiler with Combined Steam Cycle  
Item: Steam Turbine
Item No: T602
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic, Steam Turbine
Stream 1 Stream 2 Outlet
Material: Steam Steam Steam
Quantity (lbmol/hr): 10,761 2,655 13,416
Temperature (˚F): 902 902 174
Pressure (psia): 520 520 6
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 174
Outlet Pressure (psia): 6
Isentropic Efficiency: 85%
Total Power (MW): 25.0
Net Power(MW): 25.0
$11,030,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 56: Equipment Summary Sheet for the Condenser in the Boiler with Combined Steam Cycle  
Item: Condenser
Item No: D601
No.Required: 1
Condense steam turbine exhaust in order to recycle it as liquid flow for the combined cycle. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 13,417
Temperature (˚F): 174
Pressure (psia): 6
Material of Constructioin: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 2.4E+08
Outlet Temperature (˚F): 170
Outlet Pressure (psia): 6
$447,000
The condensor is operated at a partial vacuum of 6 psia. 
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
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Table 57: Equipment Summary Sheet for the Pump in the Boiler with Combined Steam Cycle  
Item: Pump
Item No: P601
No.Required: 2
Pump water to 520 psia before entrance into combined cycle heat exchanger. 
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 170
Inlet Pressure (psia): 6
Outlet Pressure (psia): 543
Volumetric Flow (CFPH): 4108
Efficiency: 85%
Electric Requirement (MW): 0.14
$220,000
Water is pumped to 543 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 58: Equipment Summary Sheet for the Heat Exchanger in the Boiler with Combined 
Steam Cycle  
Item: Heat Exchanger
Item No: H601-H602
No.Required: 1
Use excess heat from gas turbine exhaust to create steam.
A floating head shell-and-tube heat exchanger
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 6.3E+07
Area (SQFT): 10,052
U(BTU/hr SQFT ˚F) : 60
∆Tlm: 42
Hot Side: Cold Side:
Temp In (˚F): 906 171
Temp Out (˚F): 332 902
Flow Rate (lbmol/hr): 14,530 2,655
Material: Gas Steam
$2,470,000
Assumptions=>
HEAT EXCHANGER
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 59: Equipment Summary Sheet for the Compressor in the Boiler with High Temperature 
Combined Steam Cycle  
 
Item: Compressor
Item No: C701
No.Required: 1
Compress excess air to 350 psia before feeding it into the boiler vessel.
3-stage Isentropic, Centifugal Compressor
Material: Air
Quantity (lbmol/hr): 11,010
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 365
Total Cooling Duty (BTU/hr): 4.2E+07
Isentropic Efficiency: 37.3%
Electric Requirement (MW): 19.5
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 43 125 365
Pressure Ratio 3 3 3
Outlet Temperature (˚F) 329 413 388
Stage 1 Stage 2 Stage 3
Outlet Pressure (psia) 38 120 365
Outlet Temperature (˚F) 100 100 388
See T701
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
Assumptions=>
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
Compressor Profile=>
Cooler Profile=>
Cost=>
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Table 60: Equipment Summary Sheet for the Boiler in the Boiler with High Temperature Combined 
Steam Cycle  
Item: Boiler
Item No: F701
No.Required: 1
Combust methane fuel and excess air while absorbing reaction heat.
Boiler Vessel
Air Feed Fuel Feed Outlet
Quantity (lbmol/hr): 11,010 1,101 12,174
Temperature (˚F): 388 90 1,940
Composition:
Methane - 0.95 trace
Ethane - 0.05 -
Oxygen 0.21 - 0.13
Nitrogen 0.78 - 0.75
Carbon Dioxide trace - 0.04
Argon 0.01 - 0.01
Water - - 0.07
Carbon Monoxide - - trace
Nitrogen Oxide - - trace
Nitrogen Dioxide - - trace
Vessel Heat Exchange
Vessel Material: Nimonic 263 Cold Stream (lbmol/hr): 7,882
Refractory Material: NiCrAlY, YSZ Cold Stream Outlet Temp (˚F): 1,940
Heat Duty: 2.21E+08
Outlet Temperature (˚F): 1,940
Outlet Pressure (psia): 342
Nox Production (ppm): <5
Upper Limit CO2 
Production (lbmol/hr): 1,089
see T701
RGibbs used as reaction model. 
Design=>
Cost=>
Assumptions=>
BOILER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 61: Equipment Summary Sheet for the Gas Turbine in the Boiler with High Temperature 
Combined Steam Cycle  
Item: Gas Turbine
Item No: T701
No.Required: 1
Generate power to drive the compressor as well as the natural gas liquefication process.
Single-Stage, Isentropic Gas Turbine
Material: Gas
Composition: 70.5% N2, 18.5% H20, 08% CO2, .008% Ar, .003% O2, trace CH4,CO,NO,NO2
Quantity (lbmol/hr): 12,174
Temperature (˚F): 1,940
Pressure (psia): 350
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 906
Outlet Pressure (psia): 20
Isentropic Efficiency: 90%
Total Power (MW): 32.1
Net Power(MW): 12.6
$11,220,000
Net power is calculated after power to the compressor is accounted for. 
Materials Handled=>
GAS TURBINE
Identification=>
Function=>
Type=>
Design=>
Cost=>
Assumptions=>
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Item: Steam Turbine
Item No: T702
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic, Steam Turbine
Stream 1 Stream 2 Outlet
Material: Steam Steam Steam
Quantity (lbmol/hr): 5,605 2,276 7,881
Temperature (˚F): 1,940 1,940 722
Pressure (psia): 520 512 6
Material of Construction: Stainless Steel
Outlet Temperature (˚F): 174
Outlet Pressure (psia): 6
Isentropic Efficiency: 85%
Total Power (MW): 27.4
Net Power(MW): 27.4
$11,820,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
 
 
  
Table 62: Equipment Summary Sheet for the Steam Turbine in the Boiler with High 
Temperature Combined Steam Cycle  
 
 150  
 
 
 
  
Table 63: Equipment Summary Sheet for the Condenser in the Boiler with High Temperature Combined 
Steam Cycle  
Item: Condenser
Item No: D701
No.Required: 1
Condense steam turbine exhaust in order to recycle it as liquid flow for the combined cycle. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 7,882
Temperature (˚F): 174
Pressure (psia): 6
Material of Constructioin: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 1.8E+08
Outlet Temperature (˚F): 170
Outlet Pressure (psia): 6
$272,000
The condensor is operated at a partial vacuum of 6 psia. 
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
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Table 64: Equipment Summary Sheet for the Pump in the Boiler with High Temperature Combined 
Steam Cycle 
Item: Pump
Item No: P701
No.Required: 2
Pump water to 520 psia before entrance into combined cycle heat exchanger. 
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 170
Inlet Pressure (psia): 6
Outlet Pressure (psia): 543
Volumetric Flow (CFPH): 2413
Efficiency: 85%
Electric Requirement (MW): 0.08
$187,000
Water is pumped to 543 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Table 65: Equipment Summary Sheet for the Heat Exchanger in the Boiler with High Temperature 
Combined Steam Cycle 
Item: Heat Exchanger
Item No: H701-H702
No.Required: 1
Use excess heat from gas turbine exhaust to create steam.
A floating head shell-and-tube heat exchanger
Material of Construction: Carbon Steel (shell/tube)
Heat Duty (BTU/hr): 5.6E+07
Area (SQFT): 9,226
U(BTU/hr SQFT ˚F) : 60
∆Tlm: 39
Hot Side: Cold Side:
Temp In (˚F): 906 171
Temp Out (˚F): 319 902
Flow Rate (lbmol/hr): 12,173 2,276
Material: Gas Steam
$1,590,000
Assumptions=>
HEAT EXCHANGER
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Equipment Summary Sheets for the Boiler with Steam Turbine 
 
 
  
Table 66: Equipment Summary Sheet for the Compressor in the Boiler with Steam Turbine  
Item: Compressor
Item No: C801
No.Required: 1
Compress excess air to 34.7 psia before feeding it into the voiler vessel.
1-stage Isentropic Compressor
Material: Air
Quantity (lbmol/hr): 13,374
Temperature (°F): 68
Pressure (psia): 14.7
Material of Construction: Stainless Steel
Final Pressure (psia): 35
Total Cooling Duty (BTU/hr): 0
Isentropic Efficiency: 72%
Electric Requirement (MW): 5.7
Stage 1
Outlet Pressure (psia) 35
Pressure Ratio 2
Outlet Temperature (˚F) 272
See T801
A three stage compressor is chosen over an axial compressor to
save costs and maintain a lower temperature.
Compression to 365 psia accounts for a 15 psi pressure drop across a later valve. 
Design=>
Compressor Profile=>
Cost=>
Assumptions=>
COMPRESSOR
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 67: Equipment Summary Sheet for the Boiler in the Boiler with Steam Turbine  
Item: Boiler
Item No: F801
No.Required: 1
Combust methane fuel and excess air while absorbing reaction heat.
Boiler Vessel
Air Feed Fuel Feed Outlet
Quantity (lbmol/hr): 13,374 1,338 14,828
Temperature (˚F): 388 90 1,940
Composition:
Methane - 0.95 trace
Ethane - 0.05 -
Oxygen 0.21 - 0.13
Nitrogen 0.78 - 0.75
Carbon Dioxide trace - 0.04
Argon 0.01 - 0.01
Water - - 0.07
Carbon Monoxide - - trace
Nitrogen Oxide - - trace
Nitrogen Dioxide - - trace
Vessel Heat Exchange
Vessel Material: Nimonic 263 Cold Stream (lbmol/hr): 13,089
Refractory Material: NiCrAlY, YSZ Cold Stream Outlet Temp (˚F): 1,940
Heat Duty: 4.6E+08
Outlet Temperature (˚F): 220
Outlet Pressure (psia): 14.7
Nox Production (ppm): <5
Upper Level CO2 
Production (lbmol/hr): 1,243
see T801
RGibbs used as reaction model. 
Design=>
Cost=>
Assumptions=>
BOILER
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 68: Equipment Summary Sheet for the Steam Turbine in the Boiler with Steam Turbine  
Item: Steam Turbine
Item No: T801
No.Required: 1
Generate electricity to be sold or used in other sections of the plant. 
Single-Stage, Isentropic Steam Turbine
Materials: Steam
Quanity (lbmol/hr): 35,636
Temperature (˚F): 1,940
Pressure (psia): 520
Material: Stainless Steel
Outlet Temperature (˚F): 719
Outlet Pressure (psia): 6
Isentropic Efficiency: 90%
Total Power (MW): 45.7
Net Power(MW): 40.0
$15,650,000
Turbine efficiency is lower than that of the gas turbine due to a lower feed stream temperature.
Design=>
Cost=>
Assumptions=>
STEAM TURBINE
Identification=>
Function=>
Type=>
Materials Handled=>
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Table 69: Equipment Summary Sheet for the Condenser in the Boiler with Steam Turbine  
Item: Condenser
Item No: D801
No.Required: 1
Condense steam turbine exhaust in order to recycle it for the boiler. 
Shell and Tube Heat Exchanger
Material: Steam
Quantity (lbmol/hr): 13,089
Temperature (˚F): 719
Pressure (psia): 6
Material of Construction: Carbon Steel (Shell/Tube)
Heat Duty (BTU/hr): 3.1E+08
Outlet Temperature (˚F): 170
Outlet Pressure (psia): 6
$399,000
The condensor is operated at a partial vacuum of 6 psia. 
Cost=>
Assumptions=>
CONDENSER
Identification=>
Function=>
Type=>
Materials Handled=>
Design=>
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Table 70: Equipment Summary Sheet for the Pump in the Boiler with Steam Turbine  
Item: Pump
Item No: P801
No.Required: 2
Pump water to 520 psia before entrance into boiler vessel.
Centrifugal
Material Handled: Water
Inlet Temperature (˚F): 58
Inlet Pressure (psia): 6
Outlet Pressure (psia): 543
Volumetric Flow (CFPH): 4,007
Efficiency: 85%
Electric Requirement (MW): 0.14
$140,000
Water is pumped to 543 psia to account for a 15 psia pressure drop across a following valve 
and an 8 psia pressure drop across the heat exchanger. 
Assumptions=>
PUMP
Identification=>
Function=>
Type=>
Design=>
Cost=>
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Environmental Concerns and 
Comparison
 159  
 
Environmental Regulations 
Environmental concerns will be looked at with respect to US standards for pollution 
control. However, these standards may be more or less stringent depending on the location of the 
plant. The primary environmental concerns of this project are the air quality of the flue gas 
emitted from the gas turbines and the thermal quality of the process cooling water used in the 
compressor intercoolers and condensers. Additionally, the environmental effects of a potential 
methane leak will be analyzed. Overall, there is very little to no solid waste from this process and 
therefore the processes will have little trouble meeting Federal Hazardous and Solid Waste 
Amendments (HSWA) standards under the Resource Conservation and Recovery Act (RCRA) 
regulations for proper solid waste disposal; additionally, as the primary process components are 
methane, air and water, the only potentially hazardous chemical as defined under RCRA will be 
derivatives of methane (not pure methane). Though methane is non-toxic, it can be explosive 
when mixed with air at levels as low as 5% and therefore efforts should be made to prevent 
methane leaks into the atmosphere outside of the process equipment.  
With respect to air quality environmental concerns, the problematic pollutants for these 
processes are NOx and COx. Currently, only NOx and CO are regulated under the EPA’s Clean 
Air Act (CAA). However, the potential for CO2 to potentially be regulated is high and it is in the 
best interest to modify processes to have minimal CO2 production. Currently, the EPA’s primary 
standards for NOx emissions  levels are set to 100 ppb averaged over three years; secondary 
standards to protect overall public welfare is set to a more stringent 53 ppb calculated over an 
annual mean. In the case of this project’s processes, all combustion reactors will produce gas 
outlet streams with less than 5 ppm, meeting EPA standards. This is due to the use of dry-low 
NOx combustion control in which a lean premixed air/fuel stream minimizes localized fuel-rich 
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pockets to minimize thermal NOx production (there are no fuel NOx production concerns with 
this project). Additionally, there are two processes in this project which also incorporate direct 
steam injection into the combustion reactor further minimizing NOx concerns. Current primary 
EPA standards for CO are 35 ppm with a 1 hour averaging time. The CO production for our 
processes is minimal and meets these standards.  With respect to CO2, all cycles modified from 
the simple gas turbine provide less carbon dioxide output in the flue gas. An additional concern 
is the temperature of the released flue gas to the atmosphere. Though not regulated under the 
CAA, a lower release temperature is optimal for the environment and is achieved for all cycles 
relative to the simple gas turbine and combined cycles. It is noted that the lowest gas emission 
temperatures and the lowest NOx emissions are achieved for the cases utilizing steam injection 
making it a very environmentally beneficial option.  
Regarding the thermal quality of process cooling water, the process plant designers will 
be held to sections 316a and 316b of the Clean Water Act (CWA) and NPDES permits will need 
to be acquired. The CWA has the power to regulate that the location, design, construction and 
capacity of cooling water intake structures minimize negative impact on the environment. New 
facilities are subject to the strictest requirements under Phase I Rules. The overall regulation is 
that all new facilities must meet Best Technology Available (BTA) requirements for any 
discharges from a point source (in this case, piping) to navigable waters including storm drain 
waters. This will be especially important for LNG plants located near gulf waters or offshore. In 
general, the process must not harm organisms during the withdrawal of cooling water from its 
source and the thermal characteristics of the outlet must be such that a proper thermal mixing 
zone criteria report shows no negative impacts on the aquatic environment following thermal 
dissipation of the discharge. With respect to LNG plants on the coast or offshore, the problem of 
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impinging aquatic wildlife will most likely be of greater concern then lack of proper mixing for 
thermal discharges. 
Environmental Comparison of Cases 
    One aspect of the simple gas turbine cycle upon which the presented processes improve 
is the environmental impact of these processes.   These environmental impacts taken into 
consideration include the flue gas temperature, CO2 emissions, and other pollutant emissions 
such as NOX and CO.   Each of the processes presented in this project successfully reduce the 
previously mentioned factors.  
Figure 21 below shows the percentage reduction in fuel as compared to the simple gas 
turbine. Both the Poor Man’s Combined Cycle and the Boiler with the Poor Man’s Combined 
Cycle have the highest reduction in fuel consumption, as both cases inject additional steam into 
the process to drive the turbine, thus eliminating the need for as much volume from the raw 
materials. However, all cases save on fuel inputs, which reduce the burning of fossil fuels, and 
therefore reduce emissions. 
   In addition to saving on fuel, each of the processes successfully reduces CO2 
emissions.  Since CO2 is a product of the combustion of the fuel, this reduction is a direct result 
of the decrease in fuel requirements achieved by these processes.  Figure 22 below details the 
carbon dioxide emissions of each process.  All processes result in CO2 emissions by at least 
20%.  Four of the processes achieve over 30% reduction.  The two processes that achieve 
maximum fuel reduction, the Poor Man’s combined cycle and the boiler with Poor Man’s 
combined cycle, also achieve the maximum CO2 reduction.   
A major goal of this project was to successfully recover the heat lost in the flue gas of the 
simple gas cycle.  As all seven processes achieve this goal, the flue gas temperatures of these 
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processes are all significantly lower than that of the simple gas turbine.  Figure 23 details the flue 
gas temperature that is released into the atmosphere. Of the seven, the process involving the 
boiler with Poor Man’s combined cycle achieves the lowest flue gas temperature of 177˚F, as 
compared to the 859˚F flue gas released in simple gas turbine cycle. 
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Safety Considerations 
 167  
 
 Methane is the primary chemical compound of concern in these processes. Though it is 
non-toxic, it is classified by the Occupational Safety & Health Administration (OSHA) as a 
simple asphyxiant and displaces available oxygen. Additionally, it can form explosive mixtures 
with a lower explosive limit (LEL) of 5.1% by volume. In order to detect a methane leak, Drager 
or AUER detector tubes will be used as recommended by OSHA as they can detect methane 
present at approximately 5000 ppm23. It is noted that methane has no effect from skin contact 
unless in its liquefied form. The natural gas fuel being used also has a slight amount of ethane 
which has the same concerns as methane being classified as a simple asphyxiant with a LEL of 
approximately 3-5% by volume24.  
 An additional safety concern is the high pressure attained throughout the processes, most 
notably through the processes’ heat exchangers and turbines and within the reactor vessels. 
Control valves can be placed throughout the process in order to monitor any deviations from the 
suggested pressures and vent material into the air to relieve pressure. It is noted that much of the 
potential for pressure build up occurs following the combustion reaction and therefore the 
concern for venting natural gas into the air is minimal. Additionally, because the reactor vessels 
have high flame temperatures and high combustion pressures, proper inspection and maintenance 
of the vessels is crucial and a high amount of initial inspections will be used in order to build up 
a history of dependable performance. A safety gate will be placed around the main gas turbine 
vessel with the combustion chamber in order to keep plant workers safely away from the high 
operating temperature combustion reaction.  
 In order to maximize plant efficiency throughout its operation, scheduled plant 
maintenance will attempt to prevent any build up within the process equipment and pipelines. As 
a preventative measure, stainless steel can be used if the process is intended for offshore use as a 
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corrosion-resistant material to cooling seawater used in the compressors and condensers. 
Conversely, carbon steel will be used throughout the process to prevent build up and corrosion 
from trace materials in cooling fresh water if the plant is not offshore.  With respect to the gas 
and steam turbines, special attention will be given to developing a comprehensive maintenance 
plan based off of models such as Siemens’ Condition Based Maintenance (CBM) schedules 
where prognostic, diagnostic and optimization tools lead to limited downtown of equipment and 
optimizes the cost of temporary system shutdowns and maintenance efforts.  
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Equipment Cost Summary
 170  
 
 Table 71 through Table 78 on the following pages show all of the equipment that is used 
in each process, and the respective prices. Aspen IPE prices are given in 2012 dollars, whereas 
the equipment priced with the Seider correlations are in 2006 dollars. These equipment prices 
were scaled up to 2012 by using a CE Index factor of 590.8, which is the finalized value for the 
end of 201125. Purchase costs, bare module factors, and bare module costs are all summarized in 
these tables. The source for the pricing is included in all tables. 
 Total process machinery amounted to a bare module cost of $26 million for the simple 
gas turbine; $30 million for the combined cycle; $27 million each for the Poor Man’s combined 
cycle, boiler with combined cycle and boiler with combined steam cycle; $28 million for the 
boiler with Poor Man’s combined cycle, $25 million for the boiler with high temperature 
combined steam cycle, and $16.5 million for the boiler with steam turbine. 
 
Capital Expenditure Summary 
Simple Gas Turbine 
 
Table 71: Capital expenditure for the Simple Gas Turbine 
 
  
Block ID Component Type Costing Method CP FBM CBM
C101 Compressor
F101 Reactor
T101 Gas Turbine
Total: 26,080,000$ 
Turbine Regression 12,130,000$ 2.15 26,080,000$ 
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Combined Cycle 
 
Table 72: Capital expenditure for the Combined Cycle 
 
Poor Man’s Combined Cycle 
 
Table 73: Capital expenditure for the Poor Man’s Combined Cycle 
 
  
Block ID Component Type Costing Method CP FBM CBM (2006) CBM
C201 Compressor
F201 Reactor
T201 Gas Turbine
H201-H202 Heat Exchanger Seider Correlation 754,000$    3.17 2,390,000$ 2,820,000$   
T202 Steam Turbine Turbine Regression 2,570,000$ 2.15 -- 5,530,000$   
D201 Condensor ASPEN IPE 128,000$    2.01 -- 257,000$      
P201 Pump ASPEN IPE 57,000$      1.77 -- 101,000$      
P201 duplicate Pump ASPEN IPE 57,000$      1.77 -- 101,000$      
M201 Storage Vessel Seider Correlation 80,000$      1.00 80,000$      94,000$        
Total: 30,080,000$ 
Turbine Regression 9,850,000$ 2.15 -- 21,180,000$ 
Block ID Component Type Costing Method CP FBM CBM (2006) CBM
C301 Compressor
F301 Reactor
T301 Gas Turbine
P301 Pump ASPEN IPE 49,000$        1.82 -- 89,000$        
P301 duplicate Pump ASPEN IPE 49,000$        1.82 -- 89,000$        
H301 -H302 Heat Exchanger Seider Correlation 259,000$      3.17 821,000$  970,000$      
Total: 27,220,000$ 
Turbine Regression 12,130,000$ 2.15 -- 26,080,000$ 
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Boiler with Poor Man’s Combined Cycle 
 
Table 74: Capital expenditure for the Boiler with Poor Man’s Combined Cycle 
 
Boiler with Combined Cycle  
 
Table 75: Capital expenditure for the Boiler with Combined Cycle 
 
  
  
Block ID Component Type Costing Method CP FBM CBM
C401 Compressor
F401 Reactor
H401 Boiler
T402 Gas Turbine
T401 Steam Turbine Turbine Regression 3,180,000$ 2.15 -- 6,830,000$   
D401 Condensor ASPEN IPE 46,000$      5.15 -- 237,000$      
P401 Pump ASPEN IPE 52,000$      1.73 -- 90,000$        
P401 duplicate Pump ASPEN IPE 52,000$      1.73 -- 90,000$        
P402 Pump ASPEN IPE 47,000$      1.83 -- 86,000$        
P402 duplicate Pump ASPEN IPE 47,000$      1.83 -- 86,000$        
H402-H403 Heat Exchanger Seider Correlation 154,000$    3.17 490,000$ 579,000$      
M401 Storage Vessel Seider Correlation 61,000$      1.00 61,000$   72,000$        
Total: 27,640,000$ 
Turbine Regression 9,100,000$ 2.15 -- 19,570,000$ 
Block ID Component Type Costing Method CP FBM CBM
C501 Compressor
F501 Reactor
H501 Boiler
T502 Gas Turbine
T501 Steam Turbine Turbine Regression 4,770,000$ 2.15 -- 10,260,000$ 
D501 Condensor ASPEN IPE 69,000$      3.78 -- 261,000$      
P501 Pump ASPEN IPE 109,000$    1.74 -- 190,000$      
P501 duplicate Pump ASPEN IPE 109,000$    1.74 -- 190,000$      
H502-H503 Heat Exchanger Seider Correlation 438,000$    3.17 1,390,000$ 1,640,000$   
T503 Steam Turbine Turbine Regression 1,410,000$ 2.15 -- 3,040,000$   
D502 Condensor ASPEN IPE 59,000$      2.73 -- 161,000$      
M501 Storage Vessel Seider Correlation 113,000$    1.00 113,000$    134,000$      
Total: 27,350,000$ 
Turbine Regression 5,340,000$ 2.15 -- 11,480,000$ 
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Boiler with Combined Steam Cycle  
 
Table 76: Capital expenditure for the Boiler with Combined Steam Cycle 
 
Boiler with Combined High Temperature Combined Steam Cycle  
 
Table 77: Capital expenditure for the Boiler with High Temperature Combined Steam Cycle 
 
  
Block ID Component Type Costing Method CP FBM CBM
C601 Compressor
F601 Reactor
H601 Boiler
T602 Gas Turbine
T601 Steam Turbine Turbine Regression 5,130,000$ 2.15 -- 11,030,000$ 
D601 Condensor ASPEN IPE 276,000$    1.62 -- 447,000$      
P601 Pump ASPEN IPE 127,000$    1.73 -- 220,000$      
P601 duplicate Pump ASPEN IPE 127,000$    1.73 -- 220,000$      
H602-H603 Heat Exchanger Seider Correlation 660,000$    3.17 2,090,000$ 2,470,000$   
M601 Storage Vessel Seider Correlation 153,000$    1.00 153,000$    181,000$      
Total: 27,330,000$ 
Turbine Regression 5,940,000$ 2.15 -- 12,770,000$ 
Block ID Component Type Costing Method CP FBM CBM
C701 Compressor
F701 Reactor
H701 Boiler
T702 Gas Turbine
T701 Steam Turbine Turbine Regression 5,500,000$ 2.15 -- 11,820,000$ 
D701 Condensor ASPEN IPE 79,000$      3.44 -- 272,000$      
P701 Pump ASPEN IPE 106,000$    1.76 -- 187,000$      
P701 duplicate Pump ASPEN IPE 106,000$    1.76 -- 187,000$      
H702-H703 Heat Exchanger Seider Correlation 425,000$    3.17 1,350,000$ 1,590,000$   
M701 Storage Vessel Seider Correlation 104,000$    1.00 104,000$    123,000$      
Total: 25,390,000$ 
Turbine Regression 5,220,000$ 2.15 -- 11,220,000$ 
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Boiler with Steam Turbine  
 
Table 78: Capital expenditure for the Boiler with Steam Turbine 
 
Assumptions 
 Depreciation – The 7 year modified accelerated cost recovery system (MACRS) was 
used for depreciation purposes. Equipment used in the collection or processing of natural gas 
falls within the 49.23 IRS Asset Class, and the heat recovery methods used in this process were 
assumed to fall under this class as well. Following these guidelines, the 7 year schedule was 
chosen. MACRS uses the half-year deprecation convention, which means that depreciation 
expenses are taken at the year end of the first eight years of production. The percentages of total 
capital costs taken per year for these first eight years are 14.29, 24.49, 17.49, 12.49, 8.93, 8.92, 
8.93 and 4.46%, respectively. 
 Working Capital – It has been assumed that no working capital was required in each of 
the eight processes. As each process is producing work to drive the reset of the plant instead of a 
product, the working capital requirement is not the same as for a traditional product. Therefore, 
the working capital considerations (accounts receivable, inventory, raw materials, etc.) do not 
apply to this process. 
 
Block ID Component Type Costing Method CP FBM CBM (2006) CBM
C801 Compressor
F801 Reactor
H801 Boiler
T801 Steam Turbine
D801 Condensor ASPEN IPE 148,000$    2.70 -- 399,000$      
P801 Pump ASPEN IPE 84,000$      1.67 -- 140,000$      
P801 duplicate Pump ASPEN IPE 84,000$      1.67 -- 140,000$      
M801 Storage Vessel Seider Correlation 150,000$    1.00 150,000$  179,000$      
Total: 16,500,000$ 
Turbine Regression 7,280,000$ 2.15 -- 15,650,000$ 
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Pricing Methods 
Turbine Units (Compressor, Combustor, Expander) 
A variety of pricing methods were used to obtain the most accurate results for the 
investment summaries. The turbines required the highest capital investment, and the pricing of 
the turbines is very determinate of the best case for heat recovery. Quotations of gas turbine that 
were purchased by various companies were provided by Nye Thermodynamics Corporation26. 
There were eighty quotations from turbines of different outputs, and the dollars spent per 
kilowatt were provided. The kW size of the turbines is based on the net power produced, after 
subtracting the power requirement of the compressor. Using this information, a price regression 
was created, as seen in Figure 24 on page 176. While all processes produced 40 MW, not all gas 
turbines produced 40 MW, as the net work was spread across the process. As steam turbines 
were estimated to be 60% of the cost of gas turbines18, this regression multiplied by 0.6 was used 
to estimate steam turbine costs as well. Additionally, $50,000 was added to all solutions with the 
boiler set-ups, as the minimal cost of adding the tubes in the combustion chamber needed to be 
taken into account. 
 
Heat Exchangers and Storage Vessels 
 Heat exchangers and storage vessels were priced using the Seider correlations. Sample 
calculations for these vessels can be found in the appendices. The Seider correlations were used 
for the heat exchanger pricing because Aspen IPE assumes a fixed heat transfer coefficient when 
pricing these exchangers that does not apply to the exchangers in this process. Storage tank 
volumes were manually calculated and did not appear in Aspen, thus were priced using these 
correlations.  
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Aspen IPE 
 Aspen IPE was used to price all pumps and condensers. Aspen IPE was considered to be 
the most up-to-date pricing method, as the software is constantly updated. This method of pricing 
was used when possible to avoid having to use the CE Index factors, as the factor was finalized 
from the end of 2011 and no 2012 values could be obtained. Additionally, the pumps and 
condensers had a very low capital cost compared to the rest of the equipment, thus differences in 
pricing method of these pieces of equipment was negligible. 
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Operating Costs and Economic 
Analysis
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Economic Summary 
The approach to process development espoused in this study, by necessity, incorporated 
both thermodynamic/efficiency and economic optimizations.  The alternative processes were 
designed to improve upon the existing platform, the simple gas turbine process, in terms of 
process efficiency, upfront capital expenditure, and/or annual operating expenses.  These 
processes were individually analyzed using a common set of assumptions regarding the nature 
and structure of the company.  Rigorous cash flow evaluations were performed and the net 
present value (NPV) and internal rate of return (IRR) were calculated for each of the respective 
after-tax cash flows.  These values are depicted in Figure 25 below.   
Assuming a cost of capital of 15%, all of the eight processes studied are expected to be 
profitable.  The simple gas turbine process currently in place has an expected NPV of $12.3 
million and an expected IRR of 20.3%.  As mentioned prior, the combined cycle was found to 
improve process efficiency, but in an economically infeasible manner.  The expected NPV for 
this process is considerably lower than that of the existing platform.  Both the boiler with high 
temperature combined steam cycle process and the boiler with steam turbine process achieved 
significantly greater NPVs of $15 million and $22 million respectively.  None of the other four 
alternatives studied resulted in a significant increase in NPV.  However, each of these cases is a 
viable alternative to the base platform since each reduces the temperature of the exhaust gas and 
amount of CO2 and NOx released to the atmosphere as byproducts of the process. 
In general, the processes which shifted large portions of the 40MW net power production 
away from the gas turbine to a steam turbine faired the best after economic analysis.  This is 
primarily due to the fact that steam turbines are significantly less expensive than gas turbines, 
although they are slightly less efficient. 
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In order to account for any uncertainties in the assumptions made and cost estimates 
obtained, sensitivity analyses were performed for the existing simple gas turbine process and the 
two best alternative processes.  These analyses confirmed that, as expected, the net present value 
of each process, and therefore the recommendation regarding the best process to use, is largely 
sensitive to the accuracy of the estimates for the upfront capital expenditure and less sensitive to 
comparable deviations in variable inputs.  More precise determination of the equipment costs is 
recommended before investment in any process is made, as the final recommendation is highly 
sensitive to this factor. 
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Legend  
1. Simple Gas Turbine 5. Boiler with Combined Cycle 
2. Combined Cycle 6. Boiler with Combined Steam Cycle 
3. Poor Man’s Combined Cycle 7. Boiler with High Temperature Combined Steam Cycle 
4. Boiler with Poor Man’s Combined Cycle 8. Boiler with Steam Turbine 
Figure 25: Comparison of the Net Present Value (NPV) and Internal Rate of Return (IRR) for 
the eight processes studied. 
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Assumptions and Economic Uncertainties 
 Tax Rate – The tax rate for this process has been assumed to be 40%, following current 
U.S. economic guidelines. 
 Cost of Capital – The cost of capital in this project was assumed to be 15% for the 
purpose of discounting (accounting for the “time-value of money”). However, this rate could be 
affected by several factors including the company’s capital structure and access to credit at the 
time of installation. Due to these factors, a sensitivity analysis was performed sensitivity on the 
cases with the optimal solutions to demonstrate the change in NPV as a function of the cost of 
capital.  
 No Carry-Over Losses- All economic modeling was done on the assumption that the 
parent company was a profitable entity. This implies that the accounting losses in the first few 
years of operation would be used to offset taxable earnings in other parts of the plant (or 
divisions of the company). It was assumed that these losses would not be carried over to reduce 
taxes is subsequent years. 
 Salvage Value – Due to the length of the study period, there was assumed to be no 
salvage value of the heat-recovery section of the plant. After a total study period of 22 years (21 
years of operating the plant), it was assumed that new technology would outweigh any of the old 
technology and that the plant would no longer have value. In the case of an off-shore application, 
the salvage value of the vessel would have to be incorporated. 
 Operating Times – The plant was assumed to operate 330 days/year for 24 hours a day 
continuously. The first year production was also assumed to be 100% of production capacity, as 
shaft work, not a product, was produced. 
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 Energy Prices – Fluctuation in energy prices give the motivation for this project and 
highly affect its outcome. The less expensive natural gas becomes, the more feasible the project 
becomes in terms of viability of the overall LNG plant and heat recovery, and the installation of 
new LNG terminals that may adopt this technology. The less expensive electricity becomes, the 
less feasible the project becomes. If electricity prices drop extremely low, which is unlikely to 
happen, the entire project could become infeasible if it becomes cheaper to buy the 40 MW of 
electricity instead of generating it using a turbine heat recovery system. The price of the methane 
and ethane feed (approximated as natural gas) used was $4.88/MMBtu, as cited by the EIA. 
Electricity was estimated to be $.05/kWh. Sensitivity analyses were performed on both of these 
factors to examine the effect of energy prices on the economic feasibility of the project. 
Variable Cost  
 The variable cost assumptions in this study were around utilities costs, selling and 
transfer expenses, research, administrative expenses and management incentive compensation. 
Utilities costs varied depending on the case examined. Table 79 below summarizes the variable 
costs in terms of utilities. 
Table 79: Summary of Variable Utilities Costs in each Heat Recovery Solution 
 
As the turbine produces shaft work that directly drives the LNG process, there is no 
transfer of the electricity product. Therefore, transfer expenses were eliminated from the 
economic analysis. Both direct and allocated research was also assumed to be negligible, as a 
product is not being produced. Without a product, a research budget to improve processes was 
Utility Cost Factor
Cooling water 0.08$                /1000 gal
Electricity 0.05$                /kW-hr
Fuel 4.88$                /MMBtu
Boiler water 1.80$                /1000 gal
Typical Factor 
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deemed unnecessary. Administrative expenses were assumed to be 2% of sales, and management 
incentive compensation was assumed at 1.25% of sales, in line with current industry practices.  
Fixed Cost Assumptions 
 Fixed cost assumptions were made for operations, maintenance, operating overhead, and 
insurance. In most cases, industry standards were used as a guideline for these fixed cost factors. 
For operations, it was assumed that two operators were needed at all times. As the process at 
hand is only a small section of the plant, additional operators will be on site at all times. 
However, the process has very few pieces of equipment and two operators were deemed 
acceptable. The hourly wage for the operator was considered to be $35/hour, however this 
number could change based on the location of the plant and the labor source. In the United States 
and Europe, this number is likely to be accurate and is a conservative estimate. If the plant is 
located in a poorer region and local labor is employed, this number may be much lower. 
Additionally, if the plant was installed on a barge instead of on land, this number may be too 
low, as additional incentives may need to be given to work off shore. 
 In operations, direct salaries and benefits were assumed to be 15% of direct wages and 
labor, and operating supplies and services were 6%. In terms of maintenance, wages and benefits 
were 0.50% of total depreciable capital (TDC). In line with industry standards, salaries and 
benefits, materials and services, and maintenance overhead where 25%, 100% and 5% of 
maintenance wages and benefits, respectively. Operating overhead was also determined on the 
basis of industry standards, with general plant overhead, the mechanical department and services, 
the employee relations department, and business services as 7.1%, 2.4%, 5.9% and 7.4% of 
maintenance and operations wages and benefits, respectively. 
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 Property taxes and insurance were lowered in economic analyses of the plant. The project 
in question is an add-on to a larger plant, and therefore it requires little property or insurance on 
its few pieces of equipment. For these same reasons, rental fees and licensing fees were not 
considered in the economic analyses. 
Detailed Economic Analyses 
Simple Gas Turbine 
 The simple gas turbine process, the existing platform used to generate power for the 
liquefaction process, is the simplest of the eight processes studied.  Since a significant amount of 
energy is “thrown away” in the hot exhaust gas stream which is released to the atmosphere, it is 
not the most efficient process in terms of energy utilization or economics.  This process uses the 
most fuel of all of the processes, but does not require the expensive boiler water used in many of 
the alternative processes.  This is the third least expensive process in terms of the upfront capital 
expenditure; the cost is kept low by the simplicity of the process, but is not the lowest of all of 
the processes because the entire 40 MW power duty is relegated to a gas turbine, which is more 
expensive per kW than its steam turbine counterpart. 
 The full cash flow analysis for the simple gas turbine process can be seen below in Table 
80.  To account for uncertainties in the assumptions and costing estimates used in the generation 
of these cash flows, a sensitivity analysis was performed for each of five influential factors: total 
permanent investment, variable costs, fixed costs, electricity sale price, and discount rate (or cost 
of capital).  The sensitivity of the process’ NPV is depicted in the sensitivity “spider” plot shown 
below in Figure 26. 
The net present value calculation is strongly dependent on the electricity sale price.  
However, since the power generated from this process is not actually going to be sold (the 
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electricity revenue is tabulated only to determine the opportunity cost of utilizing the power 
generated rather than selling it at fair market price), and since the power output of each process is 
exactly the same, the sensitivity of this variable is not an important factor for comparison 
between the alternative processes.  Similarly, the sensitivity on the discount rate is provided only 
because the company’s cost of capital is not precisely known; in practical implementation, this 
value would likely be the same known value for all of the alternatives, barring any change in the 
cost of capital as the amount of upfront capital expenditures varies.  Therefore, the size of the 
total permanent investment is the factor of least certain accuracy to which the net present value is 
most sensitive, especially to increases in this value.  The spider plot reveals that the NPV is not 
very sensitive to deviations in the variable costs and fixed costs, though deviations in variable 
costs have a slightly larger impact. 
 This process remains profitable even in the event that fixed and variable costs are 
individually 50% larger than anticipated.  The breakeven point for variation in the total 
permanent investment (the point at which the net present value is zero) occurs at an increase of 
approximately 15% in this cost.  Bivariate sensitivity analysis (Table 81) reveals that only a 10% 
increase in total permanent investment cost would result in a negative NPV if the variable costs 
are concurrently 50% greater than anticipated. 
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Figure 26: Sensitivity “spider” plot for the simple gas turbine process.  Steeper slopes indicate 
inputs to which the process’ net present value is more sensitive. 
 
Table 81: Bivariate sensitivity analysis on total permanent investment and variable costs for the 
simple gas turbine process. 
 
  
$1,519,853 $1,823,823 $2,127,794 $2,431,764 $2,735,735 $3,039,705 $3,343,676 $3,647,646 $3,951,617 $4,255,587 $4,559,558
$17,634,022 41,524,386 40,395,044 39,265,702 38,136,360 37,007,018 35,877,676 34,748,334 33,618,992 32,489,650 31,360,308 30,230,966
$21,160,826 38,228,857 37,099,515 35,970,173 34,840,831 33,711,489 32,582,146 31,452,804 30,323,462 29,194,120 28,064,778 26,935,436
$24,687,631 34,227,966 33,098,624 31,969,282 30,839,940 29,710,598 28,581,256 27,451,914 26,322,572 25,193,230 24,063,888 22,934,546
$28,214,435 29,521,715 28,392,373 27,263,031 26,133,689 25,004,347 23,875,004 22,745,662 21,616,320 20,486,978 19,357,636 18,228,294
$31,741,239 24,110,102 22,980,760 21,851,418 20,722,076 19,592,734 18,463,392 17,334,050 16,204,708 15,075,366 13,946,024 12,816,682
$35,268,044 17,993,129 16,863,787 15,734,445 14,605,103 13,475,761 12,346,419 11,217,077 10,087,735 8,958,393 7,829,051 6,699,709
$38,794,848 11,170,795 10,041,453 8,912,111 7,782,769 6,653,427 5,524,085 4,394,743 3,265,401 2,136,059 1,006,717 (122,625)
$42,321,652 3,643,100 2,513,758 1,384,416 255,074 (874,268) (2,003,610) (3,132,952) (4,262,294) (5,391,636) (6,520,978) (7,650,320)
$45,848,457 (4,589,956) (5,719,298) (6,848,640) (7,977,982) (9,107,324) (10,236,666) (11,366,008) (12,495,350) (13,624,692) (14,754,034) (15,883,376)
$49,375,261 (13,528,372) (14,657,714) (15,787,056) (16,916,398) (18,045,741) (19,175,083) (20,304,425) (21,433,767) (22,563,109) (23,692,451) (24,821,793)
$52,902,066 (23,172,150) (24,301,492) (25,430,834) (26,560,176) (27,689,518) (28,818,860) (29,948,202) (31,077,544) (32,206,886) (33,336,228) (34,465,570)
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Boiler with High Temperature Combined Steam Cycle 
The boiler with high temperature combined steam cycle process is far more complex than 
the simple gas turbine process and is one of the most intricate of the eight processes studied.  
This process does, however, manage to recover a significant amount of the energy wasted in the 
hot exhaust gas stream in the simple gas turbine process.  It is therefore a more efficient process 
in terms of energy utilization and annual operating expenses, though the upfront capital 
expenditure is only slightly reduced.  This process is the second-most efficient of the eight 
processes studied and therefore uses less fuel than the simple gas turbine process or the boiler 
with steam turbine process.  This process does, however, require significantly larger amounts of 
boiler and cooling water, thus increasing the cost of variable inputs.  This is the second least 
expensive process in terms of the upfront capital expenditure.  Although the process is intricate 
and requires many additional pieces of equipment (pumps, heat exchangers, condensers, etc.) 
than the simple gas turbine process, the cost is kept low by shifting a majority of the process’ 
40MW power duty from the gas turbine to a steam turbine, which is less expensive per kW than 
its gas turbine counterpart. 
 The full cash flow analysis for the boiler with high temperature combined steam cycle 
process can be seen below in Table 82.  To account for uncertainties in the assumptions and 
costing estimates used in the generation of these cash flows, a sensitivity analysis was performed 
for each of five influential factors: total permanent investment, variable costs, fixed costs, 
electricity sale price, and discount rate (or cost of capital).  The sensitivity of the process’ NPV is 
depicted in the sensitivity “spider” plot shown below in Figure 27. 
 The net present value calculation is strongly dependent on the electricity sale price.  
However, since the power generated from this process is not actually going to be sold (the 
electricity revenue is tabulated only to determine the opportunity cost of utilizing the power 
 190  
 
generated rather than selling it at fair market price), and since the power output of each process is 
exactly the same, the sensitivity of this variable is not an important factor for comparison 
between the alternative processes.  Similarly, the sensitivity on the discount rate is provided only 
because the company’s cost of capital is not precisely known; in practical implementation, this 
value would likely be the same known value for all of the alternatives, barring any change in the 
cost of capital as the amount of upfront capital expenditures varies.  Therefore, the size of the 
total permanent investment is the factor of least certain accuracy to which the net present value is 
most sensitive, especially to increases in this value.  The spider plot reveals that the NPV is not 
very sensitive to deviations in the variable costs and fixed costs, though deviations in variable 
costs have a slightly larger impact. 
 This process remains profitable even in the event that fixed and variable costs are 
individually 50% larger than anticipated.  The breakeven point for variation in the total 
permanent investment (the point at which the net present value is zero) occurs at an increase of 
just over 20% in this cost.  Bivariate sensitivity analysis (Table 83) reveals that only a 20% 
increase in total permanent investment cost would result in a negative NPV if the variable costs 
are concurrently 10% greater than anticipated. 
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Figure 27: Sensitivity “spider” plot for the boiler with high temperature combined steam cycle 
process.  Steeper slopes indicate inputs to which the process’ net present value is more sensitive. 
 
Table 83: Bivariate sensitivity analysis on total permanent investment and variable costs for the 
boiler with high temperature combined steam cycle process. 
 
  
$1,274,671 $1,529,605 $1,784,539 $2,039,474 $2,294,408 $2,549,342 $2,804,276 $3,059,210 $3,314,144 $3,569,079 $3,824,013
$17,177,256 42,554,498 41,607,340 40,660,183 39,713,026 38,765,868 37,818,711 36,871,554 35,924,396 34,977,239 34,030,082 33,082,924
$20,612,707 39,344,331 38,397,173 37,450,016 36,502,859 35,555,701 34,608,544 33,661,387 32,714,229 31,767,072 30,819,915 29,872,757
$24,048,158 35,447,073 34,499,916 33,552,759 32,605,601 31,658,444 30,711,287 29,764,129 28,816,972 27,869,815 26,922,657 25,975,500
$27,483,609 30,862,726 29,915,569 28,968,411 28,021,254 27,074,096 26,126,939 25,179,782 24,232,624 23,285,467 22,338,310 21,391,152
$30,919,060 25,591,288 24,644,131 23,696,973 22,749,816 21,802,659 20,855,501 19,908,344 18,961,187 18,014,029 17,066,872 16,119,715
$34,354,511 19,632,760 18,685,603 17,738,445 16,791,288 15,844,131 14,896,973 13,949,816 13,002,659 12,055,501 11,108,344 10,161,187
$37,789,962 12,987,142 12,039,985 11,092,827 10,145,670 9,198,513 8,251,355 7,304,198 6,357,041 5,409,883 4,462,726 3,515,568
$41,225,414 5,654,434 4,707,276 3,760,119 2,812,962 1,865,804 918,647 (28,511) (975,668) (1,922,825) (2,869,983) (3,817,140)
$44,660,865 (2,365,365) (3,312,522) (4,259,680) (5,206,837) (6,153,994) (7,101,152) (8,048,309) (8,995,467) (9,942,624) (10,889,781) (11,836,939)
$48,096,316 (11,072,254) (12,019,411) (12,966,569) (13,913,726) (14,860,883) (15,808,041) (16,755,198) (17,702,355) (18,649,513) (19,596,670) (20,543,827)
$51,531,767 (20,466,233) (21,413,390) (22,360,548) (23,307,705) (24,254,862) (25,202,020) (26,149,177) (27,096,335) (28,043,492) (28,990,649) (29,937,807)
Variable Costs
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Boiler with Steam Turbine 
The boiler with steam turbine process is one of the simplest of the eight processes 
studied.  Despite its simplicity, this process does manage to recover a significant amount of the 
energy wasted in the hot exhaust gas stream in the simple gas turbine process.  It is therefore a 
more efficient process in terms of energy utilization and annual operating expenses, though not 
nearly as efficient as the boiler with high temperature combined steam cycle process described 
above.  This process is one of the least efficient of the eight processes studied and therefore uses 
more fuel than the boiler with high temperature combined steam cycle process, though still less 
fuel than the simple gas turbine process.  The upfront capital expenditure of this process is, 
however, greatly reduced compared to either of these alternate cases.  This process does, 
however, require significantly larger amounts of boiler and cooling water than the simple gas 
turbine process, thus increasing the cost of variable inputs.  This is the least expensive process in 
terms of the upfront capital expenditure due to the relative simplicity of the process and the fact 
that all of the process’ 40MW power duty is shifted from the gas turbine to a steam turbine, 
which is less expensive per kW than its gas turbine counterpart. 
 The full cash flow analysis for the boiler with steam turbine process can be seen below in 
Table 84.  To account for uncertainties in the assumptions and costing estimates used in the 
generation of these cash flows, a sensitivity analysis was performed for each of five influential 
factors: total permanent investment, variable costs, fixed costs, electricity sale price, and 
discount rate (or cost of capital).  The sensitivity of the process’ NPV is depicted in the 
sensitivity “spider” plot shown below in Figure 28. 
 The net present value calculation is strongly dependent on the electricity sale price.  
However, since the power generated from this process is not actually going to be sold (the 
electricity revenue is tabulated only to determine the opportunity cost of utilizing the power 
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generated rather than selling it at fair market price), and since the power output of each process is 
exactly the same, the sensitivity of this variable is not an important factor for comparison 
between the alternative processes.  Similarly, the sensitivity on the discount rate is provided only 
because the company’s cost of capital is not precisely known; in practical implementation, this 
value would likely be the same known value for all of the alternatives, barring any change in the 
cost of capital as the amount of upfront capital expenditures varies.  Therefore, the size of the 
total permanent investment is the factor of least certain accuracy to which the net present value is 
most sensitive, especially to increases in this value.  The spider plot reveals that the NPV is not 
very sensitive to deviations in the variable costs and fixed costs, though deviations in variable 
costs have a slightly larger impact. 
 This process remains profitable even in the event that fixed and variable costs are 
individually 50% larger than anticipated.  The breakeven point for variation in the total 
permanent investment (the point at which the net present value is zero) occurs at an increase of 
almost 50% in this cost.  Bivariate sensitivity analysis (Table 85) reveals that a 40% increase in 
total permanent investment cost would result in a negative NPV if the variable costs are 
concurrently 30% greater than anticipated. 
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Figure 28: Sensitivity “spider” plot for the boiler with steam turbine process.  Steeper slopes 
indicate inputs to which the process’ net present value is more sensitive. 
 
Table 85: Bivariate sensitivity analysis on total permanent investment and variable costs for the 
boiler with steam turbine process. 
 
  
$734,326 $881,191 $1,028,056 $1,174,921 $1,321,786 $1,468,651 $1,615,516 $1,762,381 $1,909,246 $2,056,112 $2,202,977
$11,292,253 39,987,450 39,415,120 38,842,789 38,270,459 37,698,128 37,125,798 36,553,468 35,981,137 35,408,807 34,836,476 34,264,146
$13,550,704 37,966,515 37,376,302 36,786,089 36,195,875 35,605,662 35,015,448 34,425,235 33,835,021 33,244,808 32,654,594 32,064,381
$15,809,155 35,493,891 34,885,794 34,277,698 33,669,601 33,061,505 32,453,408 31,845,312 31,237,215 30,629,118 30,021,022 29,412,925
$18,067,605 32,569,576 31,943,596 31,317,617 30,691,637 30,065,657 29,439,678 28,813,698 28,187,719 27,561,739 26,935,759 26,309,780
$20,326,056 29,193,571 28,549,708 27,905,846 27,261,983 26,618,120 25,974,258 25,330,395 24,686,532 24,042,669 23,398,807 22,754,944
$22,584,507 25,365,876 24,704,130 24,042,384 23,380,639 22,718,893 22,057,147 21,395,401 20,733,656 20,071,910 19,410,164 18,748,418
$24,842,958 21,086,491 20,406,862 19,727,233 19,047,604 18,367,975 17,688,346 17,008,718 16,329,089 15,649,460 14,969,831 14,290,202
$27,101,408 16,355,415 15,657,903 14,960,391 14,262,880 13,565,368 12,867,856 12,170,344 11,472,832 10,775,320 10,077,808 9,380,296
$29,359,859 11,172,650 10,457,255 9,741,860 9,026,465 8,311,070 7,595,675 6,880,280 6,164,885 5,449,490 4,734,095 4,018,700
$31,618,310 5,538,194 4,804,916 4,071,638 3,338,360 2,605,082 1,871,804 1,138,526 405,248 (328,030) (1,061,308) (1,794,586)
$33,876,760 (547,952) (1,299,113) (2,050,274) (2,801,435) (3,552,596) (4,303,757) (5,054,918) (5,806,080) (6,557,241) (7,308,402) (8,059,563)
Fixed Costs
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Risks to the Feasibility of the Project 
 The following factors are considered risks to the economic feasibility and future 
implementation of this project. As heat recovery from the LNG is inherently dependent on the 
future of natural gas, the following uncertainties are based mainly on the future of natural gas. 
These potential impactful factors, described in detail below, include (1) changes in the economy, 
(2) fluctuations in energy prices and/or electricity, (3) changing emissions standards, and (4) 
development of alternative energy sources. 
 Changes in the economy- As seen by the trend in high oil prices and the fluctuating 
American economy over the past decade, energy consumption is highly correlated with 
economic prosperity. In times of high oil prices and a poor economy, consumers decrease their 
energy consumption (namely, oil use), as in July 2008 during the peak oil crisis. While high oil 
prices make natural gas more attractive, the poor economy generally decreases energy 
construction and infrastructure growth. In times of economic prosperity, infrastructure increases 
in production, transportation, and construction require energy use and can boost natural gas use. 
However, if the United States falls further into recession, it is possible that the overall energy 
demand will decrease, and the installation of new LNG plants and heat recovery systems will 
become obsolete.  
 Fluctuations in energy prices and/or electricity – Currently, natural gas consists of 
24% of world energy consumption. The demand for natural gas increases when oil prices are 
high, and decreases when these prices are lower. Currently, high oil prices are leading 
economists to believe that an increase in natural gas consumption is imminent27. Natural gas 
prices are as low as they have been since the price shock from oil consumption in 1976. With 
higher demand, these prices will likely rise. However, as seen in the sensitivity analyses, the 
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profitability of this project is not highly affected by natural gas prices. It is unlikely that small 
increases in natural gas price would affect the feasibility of the project; however as the study 
period is over two decades, it is impossible to project where these prices will lie at the end of the 
plant life. 
 Along these lines, extremely high natural gas prices or extremely low electricity prices 
could affect the feasibility of this project. If the price of electricity falls extremely low, the 
project may no longer be economically sound. As seen in the sensitivity analyses in the optimal 
cases, electricity prices that are 20% to 40% lower than predicted could lead to a negative net 
present value. In these cases, it would be less expensive to buy the electricity over the study 
period, as opposed to producing it using the capital-intensive turbine system. While the 
sensitivity analyses show that increasing natural gas costs by up to 50% never make the NPVs 
negative, a combination of increasing costs and decreasing electricity costs would also lead to 
negative NPVs and infeasibility of the project. 
Changing emissions standards – More stringent emissions standards may hinder the 
ability to install these heat recovery cycles outlined in the project. Slight changes in emissions 
standards could potentially help the viability of this project, as combustion of natural gas releases 
29% less carbon dioxide than oil and 44% less than coal per Btu of energy input.  Furthermore, 
the natural gas combustion releases 79% fewer nitrous oxides and 99.99% fewer sulfur dioxides 
than coal and oil. However, if much more stringent standards are implemented, the feasibility of 
the project could disappear. In general, environmental standards cause a shift from hydrocarbon 
fuels towards alternative sources. In this case, it is likely that alternative energy sources, such as 
solar, wind and fuel cells, would be implemented. These technologies have little to no emissions 
and would be much more attractive than natural gas.  
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Development of alternative energy sources – While natural gas is economically 
competitive and widely used, the environmental movement and desire for alternative energy 
sources could eventually edge out the demand for LNG plant installation. New technologies such 
as fuel cells, hybrid vehicles, and high efficiency appliances have a negative impact on natural 
gas demand and prices. A future full-scale implementation of these technologies could put an 
end to hydrocarbon fuel use. However the study period for this project is only 21 years and it is 
highly unlikely that these technologies can advance to competitive pricing in the time of this 
study.  
Currently, natural gas is becoming part of advances to move away from less clean-
burning fossil fuels. In these cases, natural gas is actually replacing fuels like oil and coal. One 
such example is natural gas fuel cells, which have been used to power small vehicles28. In these 
cases, the development of alternative uses for natural gas makes this study and the heat recovery 
solutions more attractive. However, the substitution of natural gas for oil and coal will likely be 
short lived, as all three sources are finite and must be replaced eventually. 
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Conclusions and 
Recommendations
 201  
 
The objective of this project was to develop and evaluate several alternative processes to 
improve upon the simple gas turbine process by recovering wasted heat.  Evaluations of the 
thermodynamic efficiency, economic feasibility, and environmental impact of each process were 
made to determine the most optimal process.  Table 86 on page 204 offers a summary of the 
most significant parameters that were utilized in the assessment of the processes.  These include 
the net present value of each process, the total upfront capital expenditure, the overall process 
efficiency, and the temperature of the outlet stream of each process. 
In terms of economic gains alone, the process which is able to offer a 40 MW power 
output with the greatest net present value of corresponding cash flows is evidently the 
best.  However, the total upfront capital investment required to achieve this NPV is also an 
important consideration.  The company’s financial structure and the amount of liquid assets 
available might influence the decision of which investment alternative to pursue.  If the company 
is conservative and risk averse with regard to investment, an alternative with a slightly larger 
NPV may be forgone to pursue another alternative with a slightly smaller NPV but a 
significantly lower upfront capital investment, a greater degree of certainty in cash flows, and/or 
a diminished process complexity. 
Existing and prospective legislation regarding emissions standards also play a role in 
determining the best process to recommend to power the liquefaction process.  The existing 
platform, the simple gas turbine process, not only wastes energy but also imposes an 
environmental detriment by expelling hot gas at approximately 850 °F.  This process also 
combusts more fuel per annum than any of the alternate processes, and therefore releases more 
carbon dioxide to the environment.  The extent to which each process reduces the exhaust outlet 
temperature and amount of carbon dioxide emitted relative to the existing platform can be seen 
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in the Environmental Concerns and Comparison section above in Figure 23 on 165 and Figure 22 
on 164. 
Taking all of the stated criteria into consideration, we recommend that an investment be 
made in the boiler with steam turbine process.  This alternative offers a significantly greater net 
present value on investment than any of the other alternatives developed.  While this process is 
not the most thermodynamically efficient and, therefore, uses more fuel per annum than some of 
the other processes, this process does offer improvements over the existing process in both 
regards while significantly reducing the upfront capital expenditure required for investment.  
This process also reduces the exhaust gas temperature significantly relative to the simple gas 
turbine process and relative to even the most stringent emission regulations, either in place or 
proposed. 
Sensitivity analyses performed on the projected cash flows for each alternative showed 
that economic preference is strongly sensitive to upfront capital expenditures.  The process 
incorporating the boiler with high temperature combined steam cycle offers a significant increase 
in thermodynamic efficiency and a corresponding decrease in fuel consumption than the boiler 
with steam turbine process.  However, this process also requires a significant increase in upfront 
capital investment, which greatly reduces the associated NPV.  The equipment costs for the 
boiler with steam turbine process were estimated to be much lower than for any of the other 
processes largely because all of the power generation was shifted from a gas turbine to a steam 
turbine.  As recommended by industry experts, the cost of a steam turbine was assumed to be 
60% of the cost of a gas turbine of the same power output.  If this figure is lower than the actual 
value, the boiler with high temperature combined steam cycle process might become more 
economical.  This same effect could also be produced by a large increase in the cost of the fuel 
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input, since the boiler with steam turbine process uses over 20% more fuel than the boiler with 
high temperature combined steam cycle process. 
Because the amount by which the equipment costs and variable costs would have to 
increase to make the boiler with steam turbine process less economical than the boiler with high 
temperature combined steam cycle process is very large, we are confident in our 
recommendation to invest in the boiler with steam turbine process; this recommendation holds 
given the degree of accuracy with which cost estimates were made and the expected percent 
deviation from these estimates we believe could plausibly be encountered.  In order to ensure 
greater confidence in this recommendation, confirmation of the costing estimates used in our 
analyses should be obtained prior to investment. 
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Heat Exchanger Pricing and Sizing 
Sample Calculation-H702-703 
From the Aspen Stream Report: 
 
Q (heat exchanger) = 55,898,492 Btu/hr 
T hot in = 905.8 ˚F 
T hot out = 318.5 ˚F 
T cold in = 170.6 ˚F 
T cold out = 902.2 ˚F 
∆Tlm = 38.84 ˚F 
U = 60 BTU/(hr SQFT ˚F) (as selected from chart in Seider, et al., for nitrogen/air mixture as the hot and water as 
the cold) 
Ft = .65 (read .70 from chart in Seider, et al., and subtracted .05 for human error and to be conservative in the area 
needed) 
Ad= Q/(Ft*U*∆Tlm) =  𝟓𝟓,𝟖𝟗𝟖,𝟒𝟗𝟐 𝐁𝐭𝐮/𝐡𝐫
𝟔𝟎
𝐁𝐓𝐔
𝐡𝐫 𝐒𝐐𝐅𝐓 ˚𝐅∗𝟑𝟖.𝟖𝟒˚𝐅∗.𝟔𝟓 = 36,905 ft2 
# of heat exchangers to be priced, at 12,000 ft2 maximum for spreadsheet: 36,905 ft2 /12,000 ft2 = 4 heat 
exchangers 
Area each heat exchanger = 36,905 ft2 /4 exchangers = 9,226 ft2 per exchanger 
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Using the Pricing Spreadsheets from CBE 400, the price of one exchanger is found: 
 
To use 40 ft. tubes instead of 20 ft tubes, double the price and use 2 exchangers instead of 4. 
Bare Module Cost of Equipment (40 ft exchanger) = 2*$214,579.64 = $429,159.28 
 
 
Using the correlation from Douglas, et al.:  
Pressure Select to use Pressure Factor
Bare-Module Type Use Bare-Module Factor
Surface Area, A, ft^2 9226.058761
Applicable Range 150 - 12,000 ft^2
Shell-Side Pressure, psig 505.3
Applicable Range 0 - 2,000 psig
Equipment Base f.o.b. Cost 65,327.81$                                                                                   
Material Factor 1.00
Tube Length Factor 1.00
Pressure Factor 1.11
Bare-Module Factor 3.17
CE Index 500
Equipment Bare-Module Cost 214,579.64$                                                                                 
Notes/Base Case See Page 475, 570:  1 in. OD, 16 BWG carbon-steel 
tubes, 20 ft long, square or triangular pitch
Clear
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Actual cost = (Cost at lower flow) *(number of small exchangers)0.65   
Actual cost = ($429,159.28)*(2 heat exchangers @ 40 ft long tubes each) 0.65    
Actual cost = $673,423.09 
 
In order to have heat exchangers half full to account for disengaging space, buy two heat exchangers of this 
capacity. 
Total Bare-Module Cost = 2*$673,423.09  
CTBM = $1,346,900 for two exchangers in 2006 
CTBM = $1,346,900 (590.8/500) for EOY 2011 = $1,591,433 in 2011 EOY 
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Storage Tank Pricing and Sizing 
Sample Calculation-M801 
From the Aspen Stream Report:  
Water flow = 4,675 ft3/hr * 1.5 hours (105 minutes storing time) * 7.48 gal/ft3 = 52,547 gallons 
Using the Pricing Spreadsheets from CBE 400, the price of one tank is found: 
 
CTBM = $150,000 in 2006 
CTBM = $150,110.08* (590.8/500) for EOY 2011 = $179,000 in 2011 EOY 
Sample Boiler Water Requirement Calculations  
Equipment Category Storage Tanks
Subtype 1 Spherical, 0-30 psig
Subtype 2
Volume, V, gal 52457
Applicable Range 10,000 - 1,000,000 gal
Equipment Base f.o.b. Cost 150,110.04$                                                                                 
1.00
1.00
1.00
Bare-Module Factor 1
CE Index 500
Equipment Bare-Module Cost 150,110.04$                                                                                 
EQUIPMENT COSTING
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The amount of boiler water required is determined using the inlet flow rates of boiler water or two percent of this 
value to, depending on the process.  An example of this calculation is presented here for the process with the boiler 
and Poor Man’s combined cycle.  The requirements for all the other processes are calculated in a similar fashion. 
Determine boiler water flow rate needed 
For the boiler water vaporized to steam and used for stem injection, the flow rate of boiler water is simply the flow 
rate of the water sent into the heat exchanger.  For the boiler water that is run through the actual boiler pipes, two 
percent of the water flow rate is added into the system to make up for leaks and other losses in the cycle.   
𝑙𝑏 𝐻2𝑂
ℎ𝑟
= 𝑤𝑎𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑓𝑜𝑟 𝑠𝑡𝑒𝑎𝑚 𝑖𝑛𝑗𝑒𝑐𝑡𝑖𝑜𝑛 + 0.02 × 𝑤𝑎𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑏𝑜𝑖𝑙𝑒𝑟= 97,282.512 𝑙𝑏
ℎ𝑟
+ 0.02 × 1,355.663 𝑙𝑏
ℎ𝑟
= 𝟗𝟖,𝟔𝟑𝟖.𝟏𝟕𝟓 𝒍𝒃
𝒉𝒓
 
Convert mass flow rate to gallons per year 
The plant is assumed to operate 24 hours per day and 330 days per year.  The density of the boiler water is 7.8665 
lb/gal.   
𝑔𝑎𝑙 𝐻2𝑂
𝑦𝑒𝑎𝑟
= 𝑙𝑏 𝐻2𝑂
ℎ𝑟
× 24ℎ𝑟
𝑑𝑎𝑦
× 330𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟
× 𝑔𝑎𝑙 𝐻2𝑂7.8665𝑙𝑏 𝐻2𝑂 =  98,638.173 𝑙𝑏ℎ𝑟 × 24ℎ𝑟𝑑𝑎𝑦 × 330𝑑𝑎𝑦𝑠𝑦𝑒𝑎𝑟 × 𝑔𝑎𝑙 𝐻2𝑂7.8665𝑙𝑏 𝐻2𝑂= 𝟗.𝟗𝟑𝟎𝟗 × 𝟏𝟎𝟕 𝒈𝒂𝒍
𝒚𝒆𝒂𝒓
 
 
Convert gallons per year to dollars per year $
𝑦𝑒𝑎𝑟
= 𝑔𝑎𝑙
𝑦𝑒𝑎𝑟
× $1.801000 𝑔𝑎𝑙 =  9.9309 × 107 𝑔𝑎𝑙𝑦𝑒𝑎𝑟 × $1.801000 𝑔𝑎𝑙 = $𝟏𝟕𝟖,𝟕𝟓𝟕.𝟑𝟒𝒚𝒆𝒂𝒓  
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Sample Cooling Water Requirement Calculations  
The amount of cooling water required is calculated from the individual heat duties of the pieces of equipment that 
require cooling water.  Provided below is an example calculation for one unit.  The rest of the units requiring 
cooling water are carried out in the same fashion. 
Determine required cooling water flow rate from cooling duty. 
The constant pressure heat capacity of the cooling water used in these processes was found to be 0.996 Btu/lb-F.  A 
sample calculation will be done for the air compressor in the simple gas turbine process (C-101).  The net duty for 
this unit is 1.63E+08 Btu/hr. 
𝑙𝑏 𝐻2𝑂
ℎ𝑟
= 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑑𝑢𝑡𝑦
𝐶𝑝𝐶𝑊 × ∆𝑇 = 1.6302 × 108𝐵𝑡𝑢/ℎ𝑟0.966𝐵𝑡𝑢/𝑙𝑏 ∙ 𝐹 × 20𝐹 = 𝟖.𝟏𝟕𝟗𝟗 × 𝟏𝟎𝟔 𝒍𝒃 𝑯𝟐𝑶𝒉𝒓  
Convert mass flow to required gallons per year. 
The plant is assumed to operate 24 hours a day, for 330 days per year.  The density of the cooling water is 
approximately 8.379 lb/gal. 
𝑔𝑎𝑙 𝐻2𝑂
𝑦𝑒𝑎𝑟
= 𝑙𝑏 𝐻2𝑂
ℎ𝑟
× 24ℎ𝑟
𝑑𝑎𝑦
× 330𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟
× 𝑔𝑎𝑙 𝐻2𝑂8.379𝑙𝑏 𝐻2𝑂= 8.1799 × 106 𝑙𝑏 𝐻2𝑂
ℎ𝑟
× 24ℎ𝑟
𝑑𝑎𝑦
× 330𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟
× 𝑔𝑎𝑙 𝐻2𝑂8.379𝑙𝑏 𝐻2𝑂 = 𝟕.𝟕𝟑𝟏𝟒 × 𝟏𝟎𝟗 𝒈𝒂𝒍𝒚𝒆𝒂𝒓 
Convert required gallons per year to dollars per year. 
The price of cooling water was assumed to be $0.075 per one thousand gallons of cooling water. $
𝑦𝑒𝑎𝑟
= $0.0751,000𝑔𝑎𝑙 𝐻2𝑂 × 𝑔𝑎𝑙 𝐻2𝑂𝑦𝑒𝑎𝑟 = $0.0751,000𝑔𝑎𝑙 𝐻2𝑂 × �7.7314 × 109 𝑔𝑎𝑙𝑦𝑒𝑎𝑟� = $𝟓𝟕𝟗,𝟖𝟓𝟓.𝟓𝟒𝒚𝒆𝒂𝒓  
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Sample Process Efficiency Calculations  
Process efficiencies are defined as the ratio of net work produced by each process to the lower heating value, LHV, 
of the fuel required to achieve the 40MW of power from each process.  The LHVs was found by taking the 
difference between the high heating value, HHV, of the fuel (which is essentially the combustion heat) and the heat 
required to vaporize any water that is produced by the combustion reaction.  For processes involving steam 
injection, the LHV was the difference between the HHV and the sum of the heat required to vaporize any water 
produced by the combustion reaction and the heat required to raise the temperature of the injected steam to the 
temperature of the reactor contents.  Two efficiency calculations, one for a process without steam injection and 
another for a process with steam injection are shown.  All other such calculations were carried out in the appropriate 
fashion. 
Efficiency calculation for simple gas turbine cycle 
Determine LHV of fuel 
The HHV per pound of the fuel was determined to be 21,479 Btu/lb-fuel using ASPEN.  From appropriate 
thermodynamic tables, the latent heat of water is determined to be 970.4 Btu/lb-H2O. 
𝐿𝐻𝑉𝑓𝑢𝑒𝑙 = ?̇?𝑓𝑢𝑒𝑙𝐻𝐻𝑉𝑓𝑢𝑒𝑙 − ?̇?𝐻2𝑂𝐿𝐻𝐻2𝑂 = 26,072 𝑙𝑏𝑓𝑢𝑒𝑙ℎ𝑟 × 21,479 𝐵𝑡𝑢𝑙𝑏𝑓𝑢𝑒𝑙 − 57,504 𝑙𝑏𝐻2𝑂ℎ𝑟 × 970.4 𝐵𝑡𝑢𝑙𝑏𝐻2𝑂= 𝟓.𝟎𝟒𝟐 × 𝟏𝟎𝟖 𝑩𝒕𝒖
𝒉𝒓
 
Determine efficiency 
The net work produced by each process is always 40MW, which is equivalent to 1.3649E+08 Btu/hr. 
𝜂 = 𝑊𝑛𝑒𝑡
𝐿𝐻𝑉𝑓𝑢𝑒𝑙
= 1.3649 × 108𝐵𝑡𝑢/ℎ𝑟5.042 × 108𝐵𝑡𝑢/ℎ𝑟 = 0.27 = 𝟐𝟕% 
Efficiency calculation for Poor Man’s combined cycle (steam injection example) 
Determine heat required to heat injected steam to reactor temperature 
The specific heat of steam at involved in the steam injection process is approximately 9.945Btu/lb-˚F. 
?̇?𝑠𝑡𝑒𝑎𝑚 = ?̇?𝑠𝑡𝑒𝑎𝑚 × 𝐶𝑃,𝑠𝑡𝑒𝑎𝑚 × ∆𝑇 = 39,583 𝑙𝑏𝑠𝑡𝑒𝑎𝑚ℎ𝑟 × 9.945 𝐵𝑡𝑢𝑙𝑏𝑠𝑡𝑒𝑎𝑚˚F × (1,940˚F − 545.6˚F)= 𝟗.𝟒𝟐𝟗𝟖 × 𝟏𝟎𝟕𝐁𝐭𝐮/𝐡𝐫 
Determine LHV of fuel 
The HHV per pound of the fuel was determined to be 21,479 Btu/lb-fuel using ASPEN.  From appropriate 
thermodynamic tables, the latent heat of water is determined to be 970.4 Btu/lb-H2O. 
 215  
 
𝐿𝐻𝑉𝑓𝑢𝑒𝑙 = ?̇?𝑓𝑢𝑒𝑙𝐻𝐻𝑉𝑓𝑢𝑒𝑙 − ?̇?𝐻2𝑂𝐿𝐻𝐻2𝑂 − ?̇?𝑠𝑡𝑒𝑎𝑚= 17,946 𝑙𝑏𝑓𝑢𝑒𝑙
ℎ𝑟
× 21,479 𝐵𝑡𝑢
𝑙𝑏𝑓𝑢𝑒𝑙
− 39,583 𝑙𝑏𝐻2𝑂
ℎ𝑟
× 970.4 𝐵𝑡𝑢
𝑙𝑏𝐻2𝑂
−  9.4298 × 107 Btuhr= 𝟒.𝟒𝟏𝟑𝟔 × 𝟏𝟎𝟖𝐁𝐭𝐮/𝐡𝐫 
Determine efficiency 
The net work produced by each process is always 40MW, which is equivalent to 1.3649E+08 Btu/hr. 
𝜂 = 𝑊𝑛𝑒𝑡
𝐿𝐻𝑉𝑓𝑢𝑒𝑙
= 1.3649 × 108𝐵𝑡𝑢/ℎ𝑟4.4136 × 108𝐵𝑡𝑢/ℎ𝑟 = 0.31 = 𝟑𝟏% 
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Most Important Email Correspondences  
3/16/2012 
On Fri, Mar 16, 2012 at 3:43 PM, Brostow,Adam A. <BROSTOAA@airproducts.com> wrote: 
Marisa, 
Assume $330/kW as the cost (CAPEX) of gas turbine. For steam turbine, for now assume 60% of it - $200/kW. Maybe I’ll give 
you a different number later. 
Cheers, 
Adam 
From: marisa wang [mailto:marisaw@seas.upenn.edu]  
Sent: Friday, March 16, 2012 3:08 PM 
To: Brostow,Adam A. 
Subject: Equipment Costing Questions 
Hi Adam, 
 
We have finalized the cases we are hoping to study in our design project.  We have discussed most of them with you and 
have combined a few ideas to generate additional cases.  Thank you for the help with sensitivity analysis and calculator 
blocks; with these tools, we have been able to optimize all of our cases also.   
 
We have moved onto the economic analysis portion of the project.  We have some general guidelines for costing most of the 
equipment from one of our courses taken at Penn.  However, for certain equipment, specifically the gas and steam turbines, 
combustion chamber, and compressor, we need more detailed quotes for our analysis.  Is there any way you could put us in 
contact with someone who works with these types of equipment and would be willing to help us out?  We have tried putting 
in requests with other companies but have had no luck.  
 
Thanks again for your help, and we hope to hear from you soon!  Hope you are doing well! 
 
Sincerely, 
Marisa & group 
  
 217  
 
3/19/2012 
From: "Brostow,Adam A." <BROSTOAA@airproducts.com> 
Date: Mar 19, 2012 9:20 AM 
Subject: RE: Questions about condensers 
To: "marisa wang" <marisaw@seas.upenn.edu> 
For air I’ve seen anything between 15 and 30 F. You can assume 20. Take into account that it only affects air fans as the air is 
returned to the ambient. 
In case of water cooler, water gets returned to the cooling tower which determines the size of piping, pumps, and the tower 
itself. Assume 20 F for now. 
Adam 
From: marisa wang [mailto:marisaw@seas.upenn.edu]  
Sent: Sunday, March 18, 2012 5:47 PM 
To: Brostow,Adam A. 
Subject: Questions about condensers 
Hi Adam, 
 
We are trying to model the utilities used in our condenser.  We are testing the use of both cooling water and air as the 
cooling stream.  One question we have is how much of a temperature rise the water/air stream can achieve.  Is it plausible to 
have these streams heat up as much as possible so long as there is no temperature cross between the streams?  Previously in 
class we have only studied processes that use cooling water from 90F to 120F so we just wanted to make sure there was no 
limit to how much the cool stream can heat up.   
 
Thank you, and sorry for all the emails these past couple of days! 
 
Best, 
Marisa & Group 
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3/25/2012 
Dear Sun and group; 
Since a couple of years I am retired from the gas turbine and jet engine consultancy I used to have.  I am not too familiar with 
the latest units.  But hereunder some info that may support your studies. 
Gas turbines by now are mature and only material technology and metallurgy of mainly the hot section parts such as 
combustors and turbine stator and rotor parts are still a continuing development issue.   
I advise you to go on line and contact Siemens Gas Turbines, General Electric GE Energy, Alstom and Mitshubishi for the 
industrial gas turbines for the caliber you are looking at.  Also note that the jet engine manufacturers such as GE, Rolls Royce, 
Pratt and Whitney Power Systems make total packages for the power industry.  For instance the GE CF6 industrial gas turbine 
is in essence the jet engine of the Boeing 747 and is more or less in the power range you are looking at.. 
Industrial gas turbines are for generator drives and mechanical drives (compressors, pumps). In your case (40MW) the 
connection is hard coupled, meaning no gearbox in between. 
What’s in the box:    The industrial packages can be just the complete gas turbine with generator or power drive, or can 
include a turnkey package consisting of inlet system (with/w/o cooler), gas turbine package (driver and driven equipment), 
exhaust system with or without a boiler to recuperate exhaust heat, all controls, lubrication/cooling system, fuel forwarding 
system, local and/or remote control system, mounting bedplate, building, sound dampening system, generator 
water/hydrogen cooling system, etc.. 
Bare standalone gas turbines (industrial or aero-derivatives) are for replacement only. 
Power output for generator drives are normally given in “bus” conditions; That means net megawatts delivered to the 
net.  Power to support the gas compressor-turbine and all the other supporting systems are already subtracted. 
Gas turbines (official technical name is internal combustion turbine) always consist of a compressor, combustor system and 
turbine.  The turbine alone is called an expander.   
Your 40MW system, just for the compressor-turbine system will be around 15 million $s; You can probably double that for a 
turnaround working system (ie. gas turbine package, auxiliary systems, foundation, enclosure, engineering, commissioning, 
permitting, tools, minimum spare parts package, operator training).   
You may also like to consider a combined cycle system; That is a gas turbine system driving a generator and the residual 
exhaust energy is used to generate steam.  The steam can then be used for industrial/municipal heating systems or can drive 
an additional steam turbine.   
In case you want more information go to Google and type in “gas turbine costs”; There is a lot of technical and educational 
info in the websites.  Or leave me an email with your questions.  Good luck. 
 Louis C. M. Daniels 
From: Sun Vasansiri  
Sent: Sunday, March 25, 2012 11:38 PM 
To: danielslcm@verizon.net  
 219  
 
Cc: lfabiano@seas.upenn.edu ; cbe459group11@googlegroups.com  
Subject: Re: CBE459-001-2012A: LOU NEEDS PHONE NUMBER 
 
Dear Mr. Daniels, 
My name is Sun. I called you last Friday and apologies for not leaving my number clearly for you. 
My phone number is 215-300-0210 or you can answer my questions by email (kritithy@gmail.com). I would be very 
grateful! 
I wanted to ask on behalf of my group some questions about turbine pricing. Here are my questions regarding a 
40MW gas and steam turbine I need help with. 
1. Are turbines sold with a compressor (price inclusive) or just as a standalone where we would need to purchase a 
separate compressor? When we get a turbine quote what 'comes in the box'? 
 
2. We've came with different quotes for a 40MW gas and steam turbine.  Are their prices closer to the $13million 
range or $120 million range? 
 
3. Does the quoted power output refers to the total output of turbine  OR the net output of turbine (minus the heat 
duty of the compressor)?  
  
Thank you very much for your help. We do appreciate you spending your time on this.  
Sincerely, 
Sun Vasansiri  
 220  
 
Aspen Files 
Simple Gas Turbine 
 
ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 1    
                              SIMPLE GAS TURBINE                                 
                              RUN CONTROL SECTION                                
 
 RUN CONTROL INFORMATION                  
 ----------------------- 
 
 THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN         
 
 TYPE OF RUN: NEW  
 
 INPUT FILE NAME: _4040nrd.inm 
 
 OUTPUT PROBLEM DATA FILE NAME: _4040nrd  
 LOCATED IN:                     
 
 
 PDF SIZE USED FOR INPUT TRANSLATION: 
   NUMBER OF FILE RECORDS (PSIZE) =     0 
   NUMBER OF IN-CORE RECORDS      =   256 
 PSIZE NEEDED FOR SIMULATION    =   256 
 
 CALLING PROGRAM NAME:          apmain 
 LOCATED IN:                    C:\PROGRA~2\ASPENT~1\ASPENP~2.3\Engine\xeq 
 
 SIMULATION REQUESTED FOR ENTIRE FLOWSHEET 
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                              SIMPLE GAS TURBINE                                 
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY STREAMS        
 --------------------------------- 
 
   STREAM     SOURCE     DEST           STREAM     SOURCE     DEST 
   AIRFLOW    ----       COMPRSR        FUEL       ----       COMBUST  
   OUTLET     TURBINE    ----           COMPOUT    COMPRSR    VALVE    
   GAS        COMBUST    TURBINE        RNXFEED    VALVE      COMBUST  
 
 FLOWSHEET CONNECTIVITY BY BLOCKS         
 -------------------------------- 
 
   BLOCK        INLETS                         OUTLETS 
   TURBINE      GAS                            OUTLET                       
   COMPRSR      AIRFLOW                        COMPOUT                      
   COMBUST      FUEL RNXFEED                   GAS                          
   VALVE        COMPOUT                        RNXFEED                      
 
 CONVERGENCE STATUS SUMMARY               
 -------------------------- 
 
   DESIGN-SPEC SUMMARY 
   =================== 
 
 
   DESIGN                                                            CONV 
   SPEC      ERROR        TOLERANCE    ERR/TOL      VARIABLE   STAT  BLOCK 
   ------    -----        ---------    -------      --------   ----  ----- 
   REACTEMP -0.66756E-02  0.10000     -0.66756E-01   42680.     #    $OLVER01 
   TURBPOW   0.69305       1.0000      0.69305       1557.1     #    $OLVER02 
 
   #  = CONVERGED 
   *  = NOT CONVERGED 
   LB = AT LOWER BOUNDS 
   UB = AT UPPER BOUNDS 
 
 DESIGN-SPEC:  REACTEMP                   
 ---------------------- 
 
   SAMPLED VARIABLES: 
     REACTEMP : TEMPERATURE IN STREAM GAS SUBSTREAM MIXED    
 
   SPECIFICATION: 
     MAKE REACTEMP APPROACH 1,940.00  
     WITHIN          0.100000                                  
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
     LOWER LIMIT =       1,000.00                     LBMOL/HR         
     UPPER LIMIT =      50,000.0                      LBMOL/HR         
     FINAL VALUE =      42,680.4                      LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     REACTEMP        1939.79            1939.99        F                
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                              SIMPLE GAS TURBINE                                 
                               FLOWSHEET SECTION                                 
 
 DESIGN-SPEC:  TURBPOW                    
 --------------------- 
 
   SAMPLED VARIABLES: 
     TURBINEP : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK TURBINE  
     COMPRESP : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK COMPRSR  
 
   SPECIFICATION: 
     MAKE TURBINEP APPROACH -53640-COMPRESP   
     WITHIN          1.00000                                   
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
     LOWER LIMIT =         100.000                    LBMOL/HR         
     UPPER LIMIT =       5,000.00                     LBMOL/HR         
     FINAL VALUE =       1,557.06                     LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     TURBINEP       -61601.2           -154956.        HP               
     COMPRESP        40276.6            101316.        HP               
 
 CALCULATOR BLOCK:   QTURB                
 ------------------------- 
 
   SAMPLED VARIABLES: 
     QTURB    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK TURBINE  
     QCOMP    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK COMPRSR  
     QNET     : PARAMETER 1  
 
   FORTRAN STATEMENTS: 
           QNET=-(QTURB+QCOMP)*0.0007457    
 
   WRITE VARIABLES: QNET     
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     QTURB           -154956.                         HP               
     QCOMP            101316.                         HP               
     QNET             0.00000          39.9988                         
 
 CONVERGENCE BLOCK:  $OLVER01             
 ---------------------------- 
     SPECS: REACTEMP 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
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                              SIMPLE GAS TURBINE                                 
                               FLOWSHEET SECTION                                 
 
 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    20 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     2 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         VALUE       
PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ------------   ---
---------   ------------ 
   1  TOTAL MOLEFLOW   AIRFLOW.MIXED                                LBMOL/HR     4.2680+04      
4.2687+04     -6.6756-02       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: REACTEMP                                                                                  
     ITERATED:  TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1     0.4269E+05      -0.2078         -2.078     
          2     0.4268E+05      -0.6676E-02    -0.6676E-01 
 
 CONVERGENCE BLOCK:  $OLVER02             
 ---------------------------- 
     SPECS: TURBPOW 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:     4 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         VALUE       
PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ------------   ---
---------   ------------ 
   1  TOTAL MOLEFLOW   FUEL.MIXED                                   LBMOL/HR     1557.0559      
1557.3139         0.6930       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: TURBPOW                                                                                   
     ITERATED:  TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      619.0           0.3232E+05     0.3232E+05 
          2      668.0           0.3063E+05     0.3063E+05 
          3      1557.           -8.891         -8.891     
          4      1557.           0.6930         0.6930     
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 COMPUTATIONAL SEQUENCE                   
 ---------------------- 
 
 SEQUENCE USED WAS: 
    WATERU ELEC                                                             
    $OLVER02                                                                
    |  $OLVER01 COMPRSR VALVE COMBUST                                       
    |  (RETURN $OLVER01)                                                    
    |  TURBINE                                                              
    (RETURN $OLVER02)                                                       
    QTURB                                                                   
 
 OVERALL FLOWSHEET BALANCE                
 ------------------------- 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   CONVENTIONAL COMPONENTS   
           (LBMOL/HR) 
      METHANE             1479.20      0.228997E-28  -1479.20       0.00000     
      ETHANE              77.8528       0.00000      -77.8528       0.00000     
      OXYGEN              8940.26       5699.72      -3240.54       0.00000     
      NITROGEN            33324.9       33315.5      -9.33853     -0.196160E-16 
      CO2                 14.0845       1648.99       1634.91       0.00000     
      ARGON               401.196       401.196     -0.385501E-12  0.172601E-15 
      H2O                 0.00000       3191.96       3191.96       0.00000     
      CO                  0.00000      0.271122E-03  0.271122E-03   0.00000     
      NO                  0.00000       18.0467       18.0467       0.00000     
      NO2                 0.00000      0.630330      0.630330       0.00000     
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         44237.5       44276.1       38.6114     -0.164332E-15 
   MASS(LB/HR   )        0.126234E+07  0.126234E+07               -0.553330E-15 
   ENTHALPY(BTU/HR  )   -0.555323E+08 -0.355035E+09                0.843586     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             593882.      LB/HR            
    PRODUCT STREAMS CO2E          72571.9      LB/HR            
    NET STREAMS CO2E PRODUCTION  -521311.      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        -521311.      LB/HR            
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                          PHYSICAL PROPERTIES SECTION                            
 
 COMPONENTS                               
 ---------- 
 
  ID       TYPE  ALIAS          NAME 
   METHANE  C     CH4            METHANE                          
   ETHANE   C     C2H6           ETHANE                           
   OXYGEN   C     O2             OXYGEN                           
   NITROGEN C     N2             NITROGEN                         
   CO2      C     CO2            CARBON-DIOXIDE                   
   ARGON    C     AR             ARGON                            
   H2O      C     H2O            WATER                            
   CO       C     CO             CARBON-MONOXIDE                  
   NO       C     NO             NITRIC-OXIDE                     
   NO2      C     NO2            NITROGEN-DIOXIDE                 
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 BLOCK:  COMBUST  MODEL: RGIBBS           
 ------------------------------ 
   INLET STREAMS:         FUEL        RNXFEED  
   OUTLET STREAM:         GAS      
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         44237.5       44276.1       38.6114     -0.164332E-15 
   MASS(LB/HR   )        0.126234E+07  0.126234E+07               -0.368887E-15 
   ENTHALPY(BTU/HR  )    0.392397E+08  0.392397E+08                0.442673E-10 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             593882.      LB/HR            
    PRODUCT STREAMS CO2E          72571.9      LB/HR            
    NET STREAMS CO2E PRODUCTION  -521311.      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        -521311.      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   EQUILIBRIUM SPECIFICATIONS:                        
     ONLY CHEMICAL EQUILIBRIUM IS CONSIDERED, THE FLUID PHASE IS VAPOR    
     CALCULATED TEMPERATURE    F                              1940.0     
     TEMPERATURE FOR FREE ENERGY EVALUATION    F              1940.0     
     SYSTEM PRESSURE       PSIA                               350.00     
     SPECIFIED DUTY        BTU/HR                               0.0000     
 
   FLUID PHASE SPECIES IN PRODUCT LIST: 
     METHANE ETHANE OXYGEN NITROGEN CO2 ARGON H2O CO NO NO2   
 
   ATOM MATRIX:    
   ELEMENT      H    C    N    O    AR   
     METHANE    4.00 1.00 0.00 0.00 0.00 
     ETHANE     6.00 2.00 0.00 0.00 0.00 
     OXYGEN     0.00 0.00 0.00 2.00 0.00 
     NITROGEN   0.00 0.00 2.00 0.00 0.00 
     CO2        0.00 1.00 0.00 2.00 0.00 
     ARGON      0.00 0.00 0.00 0.00 1.00 
     H2O        2.00 0.00 0.00 1.00 0.00 
     CO         0.00 1.00 0.00 1.00 0.00 
     NO         0.00 0.00 1.00 1.00 0.00 
     NO2        0.00 0.00 1.00 2.00 0.00 
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 BLOCK:  COMBUST  MODEL: RGIBBS (CONTINUED)           
 
                           ***  RESULTS  *** 
   TEMPERATURE           F                                    1940.0     
   PRESSURE              PSIA                                 350.00     
   VAPOR FRACTION                                             1.0000     
   NUMBER OF FLUID PHASES                                              1 
 
   FLUID PHASE MOLE FRACTIONS:    
 
   PHASE              VAPOR    
   OF TYPE            VAPOR    
   PHASE FRACTION     1.000000     
   PLACED IN STREAM   GAS      
     METHANE         0.5172019E-33 
     ETHANE           0.000000     
     OXYGEN          0.1287314     
     NITROGEN        0.7524498     
     CO2             0.3724343E-01 
     ARGON           0.9061233E-02 
     CO              0.6123443E-08 
     NO              0.4075956E-03 
     NO2             0.1423637E-04 
     H2O             0.7209232E-01 
 
   LBMOL/HR           44276.07     
 
 BLOCK:  COMPRSR  MODEL: MCOMPR           
 ------------------------------ 
   INLET STREAMS:    AIRFLOW      TO STAGE   1 
   OUTLET STREAMS:   COMPOUT    FROM STAGE   3 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            42680.4         42680.4         0.00000     
       MASS(LB/HR   )           0.123627E+07    0.123627E+07   -0.188333E-15 
       ENTHALPY(BTU/HR  )      -0.520707E+07    0.895649E+08    -1.05814     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             619.858      LB/HR            
    PRODUCT STREAMS CO2E          619.858      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  COMPRSR  MODEL: MCOMPR (CONTINUED)           
 
                          ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
   NUMBER OF STAGES                                          3 
   FINAL PRESSURE, PSIA                                    365.000       
 
                    COMPRESSOR SPECIFICATIONS PER STAGE 
 
   STAGE                     MECHANICAL      ISENTROPIC                  
   NUMBER                    EFFICIENCY      EFFICIENCY 
 
 
     1                        1.000          0.7200     
     2                        1.000          0.7200     
     3                        1.000          0.7200     
 
                    COOLER SPECIFICATIONS PER STAGE 
 
 
   STAGE      PRESSURE        COOLER 
   NUMBER     DROP            SPECIFICATION 
              PSI      
     1         5.000          OUTLET TEMPERATURE   100.0      F        
     2         5.000          OUTLET TEMPERATURE   100.0      F        
     3         5.000          HEAT DUTY            0.000      BTU/HR   
 
                           ***  RESULTS  *** 
 
   FINAL PRESSURE, PSIA                                    365.000       
   TOTAL WORK REQUIRED, HP                             101,316.          
   TOTAL COOLING DUTY , BTU/HR                              -0.163021+09 
 
                           ***  PROFILE  *** 
 
                           COMPRESSOR PROFILE 
 
   STAGE      OUTLET       PRESSURE     OUTLET 
   NUMBER     PRESSURE     RATIO        TEMPERATURE 
              PSIA                      F    
 
     1        42.89        2.917        328.8     
     2        125.1        3.302        413.2     
     3        365.0        3.039        388.2     
 
   STAGE      INDICATED      BRAKE                                        
   NUMBER     HORSEPOWER     HORSEPOWER 
              HP             HP 
     1       0.3057E+05     0.3057E+05 
     2       0.3686E+05     0.3686E+05 
     3       0.3389E+05     0.3389E+05 
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 BLOCK:  COMPRSR  MODEL: MCOMPR (CONTINUED)           
 
   STAGE      HEAD           VOLUMETRIC 
   NUMBER     DEVELOPED      FLOW 
              FT-LBF/LB      CUFT/HR      
     1       0.3525E+05     0.1643E+08 
     2       0.4250E+05     0.6759E+07 
     3       0.3908E+05     0.2127E+07 
 
                           COOLER PROFILE 
 
   STAGE      OUTLET          OUTLET       COOLING     VAPOR 
   NUMBER     TEMPERATURE     PRESSURE     LOAD        FRACTION 
              F               PSIA         BTU/HR   
 
     1         100.0           37.89       -.6848E+08   1.000     
     2         100.0           120.1       -.9454E+08   1.000     
     3         388.2           365.0        0.000       1.000     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
 UTILITY USAGE:  ELEC      (ELECTRICITY)  
 ------------------------------ 
 COMPRESSOR STAGE   1   2.2793+04                     1139.6357   
 COMPRESSOR STAGE   2   2.7486+04                     1374.2882   
 COMPRESSOR STAGE   3   2.5273+04                     1263.6541   
                    -------------                     ------------- 
 TOTAL:                 7.5552+04  KW                 3777.5781  $/HR             
                    ============= 
 UTILITY USAGE:  WATERU    (WATER)        
 ------------------------------ 
 COOLER STAGE       1   3.4360+06                       30.7522   
 COOLER STAGE       2   4.7439+06                       42.4583   
 COOLER STAGE       3      0.0                           0.0      
                    -------------                     ------------- 
 TOTAL:                 8.1799+06  LB/HR                73.2104  $/HR             
                    ============= 
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 BLOCK:  TURBINE  MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          GAS      
   OUTLET STREAM:         OUTLET   
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            44276.1         44276.1         0.00000     
       MASS(LB/HR   )           0.126234E+07    0.126234E+07     0.00000     
       ENTHALPY(BTU/HR  )       0.392397E+08   -0.355035E+09     1.11052     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             72571.9      LB/HR            
    PRODUCT STREAMS CO2E          72571.9      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC TURBINE 
    OUTLET PRESSURE  PSIA                                   20.0000      
    ISENTROPIC EFFICIENCY                                    0.90000     
    MECHANICAL EFFICIENCY                                    1.00000     
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 BLOCK:  TURBINE  MODEL: COMPR (CONTINUED)            
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP             -154,956.          
    BRAKE      HORSEPOWER REQUIREMENT  HP             -154,956.          
    NET WORK REQUIRED                  HP             -154,956.          
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP             -172,173.          
    CALCULATED OUTLET TEMP  F                              858.617       
    ISENTROPIC TEMPERATURE  F                              729.619       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.90000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                   -270,056.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.30020     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR             3,273,950.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                     0.313305+08 
    INLET  COMPRESSIBILITY FACTOR                            1.00499     
    OUTLET COMPRESSIBILITY FACTOR                            1.00037     
    AV. ISENT. VOL. EXPONENT                                 1.32780     
    AV. ISENT. TEMP EXPONENT                                 1.32495     
    AV. ACTUAL VOL. EXPONENT                                 1.26725     
    AV. ACTUAL TEMP EXPONENT                                 1.26467     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                    1.1555+05  KW               
  COST                                   5777.5193  $/HR             
 
 BLOCK:  VALVE    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          COMPOUT  
   OUTLET STREAM:         RNXFEED  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            42680.4         42680.4         0.00000     
       MASS(LB/HR   )           0.123627E+07    0.123627E+07     0.00000     
       ENTHALPY(BTU/HR  )       0.895649E+08    0.895649E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             619.858      LB/HR            
    PRODUCT STREAMS CO2E          619.858      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  VALVE    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          15.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        350.000       
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 AIRFLOW COMPOUT FUEL GAS OUTLET                  
 ------------------------------- 
 
 STREAM ID               AIRFLOW    COMPOUT    FUEL       GAS        OUTLET   
 FROM :                  ----       COMPRSR    ----       COMBUST    TURBINE  
 TO   :                  COMPRSR    VALVE      COMBUST    TURBINE    ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPORVAPORVAPORVAPOR 
 COMPONENTS: LBMOL/HR         
   METHANE                0.0        0.0     1479.2031  2.2900-29  2.2900-29 
   ETHANE                 0.0        0.0       77.8528     0.0        0.0    
   OXYGEN              8940.2644  8940.2644     0.0     5699.7198  5699.7198 
   NITROGEN            3.3325+04  3.3325+04     0.0     3.3316+04  3.3316+04 
   CO2                   14.0845    14.0845     0.0     1648.9930  1648.9930 
   ARGON                401.1958   401.1958     0.0      401.1958   401.1958 
   H2O                    0.0        0.0        0.0     3191.9647  3191.9647 
   CO                     0.0        0.0        0.0     2.7112-04  2.7112-04 
   NO                     0.0        0.0        0.0       18.0467    18.0467 
   NO2                    0.0        0.0        0.0        0.6303     0.6303 
 COMPONENTS: MOLE FRAC        
   METHANE                0.0        0.0        0.9500  5.1720-34  5.1720-34 
   ETHANE                 0.0        0.0     5.0000-02     0.0        0.0    
   OXYGEN                 0.2095     0.2095     0.0        0.1287     0.1287 
   NITROGEN               0.7808     0.7808     0.0        0.7524     0.7524 
   CO2                 3.3000-04  3.3000-04     0.0     3.7243-02  3.7243-02 
   ARGON               9.4000-03  9.4000-03     0.0     9.0612-03  9.0612-03 
   H2O                    0.0        0.0        0.0     7.2092-02  7.2092-02 
   CO                     0.0        0.0        0.0     6.1234-09  6.1234-09 
   NO                     0.0        0.0        0.0     4.0760-04  4.0760-04 
   NO2                    0.0        0.0        0.0     1.4236-05  1.4236-05 
 COMPONENTS: LB/HR            
   METHANE                0.0        0.0     2.3731+04  3.6737-28  3.6737-28 
   ETHANE                 0.0        0.0     2341.0056     0.0        0.0    
   OXYGEN              2.8608+05  2.8608+05     0.0     1.8238+05  1.8238+05 
   NITROGEN            9.3355+05  9.3355+05     0.0     9.3328+05  9.3328+05 
   CO2                  619.8575   619.8575     0.0     7.2572+04  7.2572+04 
   ARGON               1.6027+04  1.6027+04     0.0     1.6027+04  1.6027+04 
   H2O                    0.0        0.0        0.0     5.7504+04  5.7504+04 
   CO                     0.0        0.0        0.0     7.5942-03  7.5942-03 
   NO                     0.0        0.0        0.0      541.5128   541.5128 
   NO2                    0.0        0.0        0.0       28.9987    28.9987 
 COMPONENTS: MASS FRAC        
   METHANE                0.0        0.0        0.9102  2.9103-34  2.9103-34 
   ETHANE                 0.0        0.0     8.9792-02     0.0        0.0    
   OXYGEN                 0.2314     0.2314     0.0        0.1445     0.1445 
   NITROGEN               0.7551     0.7551     0.0        0.7393     0.7393 
   CO2                 5.0139-04  5.0139-04     0.0     5.7490-02  5.7490-02 
   ARGON               1.2964-02  1.2964-02     0.0     1.2696-02  1.2696-02 
   H2O                    0.0        0.0        0.0     4.5554-02  4.5554-02 
   CO                     0.0        0.0        0.0     6.0160-09  6.0160-09 
   NO                     0.0        0.0        0.0     4.2897-04  4.2897-04 
   NO2                    0.0        0.0        0.0     2.2972-05  2.2972-05 
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 AIRFLOW COMPOUT FUEL GAS OUTLET (CONTINUED)          
 
 STREAM ID               AIRFLOW    COMPOUT    FUEL       GAS        OUTLET   
 
 TOTAL FLOW:      
   LBMOL/HR            4.2680+04  4.2680+04  1557.0559  4.4276+04  4.4276+04 
   LB/HR               1.2363+06  1.2363+06  2.6072+04  1.2623+06  1.2623+06 
   CUFT/HR             1.6431+07  1.0704+06  2.4869+04  3.2739+06  3.1330+07 
 STATE VARIABLES: 
   TEMP   F              68.0000   388.1617    90.0000  1939.9933   858.6175 
   PRES   PSIA           14.7000   365.0000   350.0000   350.0000    20.0000 
   VFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   LFRAC                  0.0        0.0        0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL           -122.0015  2098.5018 -3.2321+04   886.2505 -8018.6561 
   BTU/LB                -4.2119    72.4477 -1930.2765    31.0848  -281.2509 
   BTU/HR             -5.2071+06  8.9565+07 -5.0325+07  3.9240+07 -3.5503+08 
 ENTROPY:         
   BTU/LBMOL-R            1.0028    -2.0934   -26.3106     6.1023     6.8920 
   BTU/LB-R            3.4619-02 -7.2270-02    -1.5713     0.2140     0.2417 
 DENSITY:         
   LBMOL/CUFT          2.5975-03  3.9872-02  6.2610-02  1.3524-02  1.4132-03 
   LB/CUFT             7.5239-02     1.1549     1.0483     0.3856  4.0291-02 
 AVG MW                  28.9657    28.9657    16.7441    28.5107    28.5107 
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 RNXFEED                                          
 ------- 
 
 STREAM ID               RNXFEED  
 FROM :                  VALVE    
 TO   :                  COMBUST  
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   METHANE                0.0    
   ETHANE                 0.0    
   OXYGEN              8940.2644 
   NITROGEN            3.3325+04 
   CO2                   14.0845 
   ARGON                401.1958 
   H2O                    0.0    
   CO                     0.0    
   NO                     0.0    
   NO2                    0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.0    
   ETHANE                 0.0    
   OXYGEN                 0.2095 
   NITROGEN               0.7808 
   CO2                 3.3000-04 
   ARGON               9.4000-03 
   H2O                    0.0    
   CO                     0.0    
   NO                     0.0    
   NO2                    0.0    
 COMPONENTS: LB/HR            
   METHANE                0.0    
   ETHANE                 0.0    
   OXYGEN              2.8608+05 
   NITROGEN            9.3355+05 
   CO2                  619.8575 
   ARGON               1.6027+04 
   H2O                    0.0    
   CO                     0.0    
   NO                     0.0    
   NO2                    0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.0    
   ETHANE                 0.0    
   OXYGEN                 0.2314 
   NITROGEN               0.7551 
   CO2                 5.0139-04 
   ARGON               1.2964-02 
   H2O                    0.0    
   CO                     0.0    
   NO                     0.0    
   NO2                    0.0    
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 RNXFEED (CONTINUED)                                  
 
 STREAM ID               RNXFEED  
 
 TOTAL FLOW:      
   LBMOL/HR            4.2680+04 
   LB/HR               1.2363+06 
   CUFT/HR             1.1158+06 
 STATE VARIABLES: 
   TEMP   F             388.0266 
   PRES   PSIA          350.0000 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL           2098.5018 
   BTU/LB                72.4477 
   BTU/HR              8.9565+07 
 ENTROPY:         
   BTU/LBMOL-R           -2.0095 
   BTU/LB-R           -6.9376-02 
 DENSITY:         
   LBMOL/CUFT          3.8250-02 
   LB/CUFT                1.1079 
 AVG MW                  28.9657 
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 UTILITY USAGE:  ELEC      (ELECTRICITY)  
 --------------------------------------- 
 
  INPUT DATA: 
 
    PRICE                             5.0000-02  $/KWHR           
    INDEX TYPE                             FUEL 
 
  RESULT: 
 
    INDEXED PRICE                     5.0000-02  $/KWHR           
 
  THIS UTILITY IS PURCHASED 
 
  USAGE: 
 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            KW                $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  TURBINE   COMPR                3.9427+08         1.1555+05         5777.5193       
  COMPRSR   MCOMPR               2.5779+08         7.5552+04         3777.5781       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         6.5207+08         1.9110+05         9555.0974       
                          ================  ================  ================ 
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 UTILITY USAGE:  WATERU    (WATER)        
 --------------------------------- 
 
  INPUT DATA: 
 
    INLET TEMPERATURE                   58.0000  F                
    OUTLET TEMPERATURE                  78.0000  F                
    INLET PRESSURE                      23.0000  PSIA             
    OUTLET PRESSURE                     14.7000  PSIA             
    PRICE                             8.9500-06  $/LB             
    INDEX TYPE                             FUEL 
 
  RESULT: 
 
    COOLING VALUE                       19.9293  BTU/LB           
    INDEXED PRICE                     8.9500-06  $/LB             
 
  THIS UTILITY IS PURCHASED 
 
  USAGE: 
 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            LB/HR             $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  COMPRSR   MCOMPR               1.6302+08         8.1799+06           73.2104       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         1.6302+08         8.1799+06           73.2104       
                          ================  ================  ================ 
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 BLOCK STATUS                             
 ------------ 
 
 **************************************************************************** 
 *                                                                          * 
 * Calculations were completed normally                                     * 
 *                                                                          * 
 * All Unit Operation blocks were completed normally                        * 
 *                                                                          * 
 * All streams were flashed normally                                        * 
 *                                                                          * 
 * All Utility blocks were completed normally                               * 
 *                                                                          * 
 * All Convergence blocks were completed normally                           * 
 *                                                                          * 
 * All Calculator blocks were completed normally                            * 
 *                                                                          * 
 **************************************************************************** 
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 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 1    
              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              RUN CONTROL SECTION                                
 
 RUN CONTROL INFORMATION                  
 ----------------------- 
 
 THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN         
 
 TYPE OF RUN: NEW  
 
 INPUT FILE NAME: _0335xbv.inm 
 
 OUTPUT PROBLEM DATA FILE NAME: _0335xbv  
 LOCATED IN:                     
 
 
 PDF SIZE USED FOR INPUT TRANSLATION: 
   NUMBER OF FILE RECORDS (PSIZE) =     0 
   NUMBER OF IN-CORE RECORDS      =   256 
 PSIZE NEEDED FOR SIMULATION    =   256 
 
 CALLING PROGRAM NAME:          apmain 
 LOCATED IN:                    C:\PROGRA~2\ASPENT~1\ASPENP~2.3\Engine\xeq 
 
 SIMULATION REQUESTED FOR ENTIRE FLOWSHEET 
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 FLOWSHEET CONNECTIVITY BY STREAMS        
 --------------------------------- 
 
   STREAM     SOURCE     DEST           STREAM     SOURCE     DEST 
   AIRFLOW    ----       COMPRSR        FUEL       ----       COMBUST  
   PUMPIN     ----       PUMP           PUMPIN2    ----       PUMP2    
   RXNFEED    COMPRSR    VALVE1         GAS        COMBUST    $HTX1H02 
   GTURBOUT   TURBINE    $HTX2H01       STURBOUT   STEAMTUR   CONDENS  
   CONDOUT    CONDENS    ----           PUMPOUT    PUMP       VALVE2   
   STEAM      $HTX2HTR   $HTX1H03       OUTLET     $HTX2H01   ----     
   COOLGAS    $HTX1H02   TURBINE        CWOUT      $HTX1HTR   STEAMTUR 
   HOTSTEAM   $HTX1H03   STEAMTUR       AIRFEED    VALVE1     COMBUST  
   H2OIN      VALVE2     $HTX2HTR       PRESCW     VALVE3     $HTX1HTR 
   PUMPOUT2   PUMP2      VALVE3         $HTX1Q02   $HTX1H02   $HTX1HTR 
   $HTX1Q03   $HTX1H03   $HTX1HTR       $HTX2Q01   $HTX2H01   $HTX2HTR 
 
 FLOWSHEET CONNECTIVITY BY BLOCKS         
 -------------------------------- 
 
   BLOCK        INLETS                         OUTLETS 
   COMPRSR      AIRFLOW                        RXNFEED                      
   COMBUST      FUEL AIRFEED                   GAS                          
   TURBINE      COOLGAS                        GTURBOUT                     
   STEAMTUR     CWOUT HOTSTEAM                 STURBOUT                     
   CONDENS      STURBOUT                       CONDOUT                      
   PUMP         PUMPIN                         PUMPOUT                      
   VALVE1       RXNFEED                        AIRFEED                      
   VALVE2       PUMPOUT                        H2OIN                        
   VALVE3       PUMPOUT2                       PRESCW                       
   PUMP2        PUMPIN2                        PUMPOUT2                     
   $HTX1H02     GAS                            COOLGAS $HTX1Q02             
   $HTX1H03     STEAM                          HOTSTEAM $HTX1Q03            
   $HTX1HTR     PRESCW $HTX1Q02 $HTX1Q03       CWOUT                        
   $HTX2H01     GTURBOUT                       OUTLET $HTX2Q01              
   $HTX2HTR     H2OIN $HTX2Q01                 STEAM                        
 
 CONVERGENCE STATUS SUMMARY               
 -------------------------- 
 
   DESIGN-SPEC SUMMARY 
   =================== 
 
 
   DESIGN                                                            CONV 
   SPEC      ERROR        TOLERANCE    ERR/TOL      VARIABLE   STAT  BLOCK 
   ------    -----        ---------    -------      --------   ----  ----- 
   AIREXCES   0.0000       1.0000       0.0000       11010.     #    $OLVER01 
   CW1       0.50022E-11  0.10000E-02  0.50022E-08   5605.6     #    $OLVER02 
   MITA     -0.16608E-04  0.10000E-01 -0.16608E-02   2276.4     #    $OLVER03 
   TURBPOW  -0.10337E-02   1.0000     -0.10337E-02   1101.0     #    $OLVER04 
 
   #  = CONVERGED 
   *  = NOT CONVERGED 
   LB = AT LOWER BOUNDS 
   UB = AT UPPER BOUNDS 
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 DESIGN-SPEC:  AIREXCES                   
 ---------------------- 
 
   SAMPLED VARIABLES: 
     AIR      : TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
     FUEL     : TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
 
   SPECIFICATION: 
     MAKE FUEL APPROACH AIR/10    
     WITHIN          1.00000                                   
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
     LOWER LIMIT =         100.000                    LBMOL/HR         
     UPPER LIMIT =     100,000.                       LBMOL/HR         
     FINAL VALUE =      11,009.6                      LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     AIR             11207.6            11009.6        LBMOL/HR         
     FUEL            1100.96            1100.96        LBMOL/HR         
 
 DESIGN-SPEC:  CW1                        
 ----------------- 
 
   SAMPLED VARIABLES: 
     TCWOUT   : TEMPERATURE IN STREAM CWOUT SUBSTREAM MIXED  
 
   SPECIFICATION: 
     MAKE TCWOUT APPROACH 1,940.00    
     WITHIN          0.00100000                                
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM PUMPIN2 SUBSTREAM MIXED     
     LOWER LIMIT =       1,000.00                     LBMOL/HR         
     UPPER LIMIT =     100,000.                       LBMOL/HR         
     FINAL VALUE =       5,605.59                     LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     TCWOUT          1883.02            1940.00        F                
 
 DESIGN-SPEC:  MITA                       
 ------------------ 
 
   SAMPLED VARIABLES: 
     MITA     : SENTENCE=RESULTS VARIABLE=MITA IN UOS BLOCK $HTX2HTR     
 243  
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 4    
              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                               FLOWSHEET SECTION                                 
 
 DESIGN-SPEC:  MITA (CONTINUED)                       
 
   SPECIFICATION: 
     MAKE MITA APPROACH 3.60000   
     WITHIN          0.0100000                                 
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM PUMPIN SUBSTREAM MIXED  
     LOWER LIMIT =       1,000.00                     LBMOL/HR         
     UPPER LIMIT =      10,000.0                      LBMOL/HR         
     FINAL VALUE =       2,276.36                     LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     MITA            6.57203            3.59998        F                
 
 DESIGN-SPEC:  TURBPOW                    
 --------------------- 
 
   SAMPLED VARIABLES: 
     QTURB    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK TURBINE  
     QCOMP    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK COMPRSR  
     QSTTURB  : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK STEAMTUR     
     QPUMP1   : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK PUMP     
     QPUMP2   : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK PUMP2    
 
   SPECIFICATION: 
     MAKE QTURB APPROACH -53640-QCOMP-QPUMP1-QPUMP2-QSTTURB   
     WITHIN          1.00000                                   
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
     LOWER LIMIT =         100.000                    LBMOL/HR         
     UPPER LIMIT =       5,000.00                     LBMOL/HR         
     FINAL VALUE =       1,100.96                     LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     QTURB          -19559.3           -43067.9        HP               
     QCOMP           11869.2            26134.9        HP               
     QSTTURB        -16304.2           -36817.9        HP               
     QPUMP1          38.6123            32.0202        HP               
     QPUMP2          14.0664            78.8506        HP               
 
 CALCULATOR BLOCK:   MTA                  
 ----------------------- 
 
   SAMPLED VARIABLES: 
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 CALCULATOR BLOCK:   MTA (CONTINUED)                  
     MTA1     : SENTENCE=RESULTS VARIABLE=MITA IN UOS BLOCK $HTX1HTR     
     MTA2     : SENTENCE=RESULTS VARIABLE=MITA IN UOS BLOCK $HTX2HTR     
 
   FORTRAN STATEMENTS: 
          MITA1=MTA1    
          MITA2=MTA2    
 
   READ VARIABLES:  MTA1      MTA2     
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     MTA1             1768.66                         F                
     MTA2             3.59998                         F                
 
 CALCULATOR BLOCK:   QNET                 
 ------------------------ 
 
   SAMPLED VARIABLES: 
     QNET     : PARAMETER 1  
     QPUMP1   : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK PUMP     
     QSTTURB  : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK STEAMTUR     
     QPUMP2   : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK PUMP2    
     QTURB    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK TURBINE  
     QCOMP    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK COMPRSR  
     QCC      : PARAMETER 2  
     QGAS     : PARAMETER 3  
 
   FORTRAN STATEMENTS: 
          QNET=-(QSTTURB+QPUMP1+QPUMP2+QTURB+QCOMP)*0.000745699872  
          QCC=-(QSTTURB+QPUMP1+QPUMP2)*0.000745699872   
          QGAS=-(QTURB+QCOMP)*0.000745699872    
 
   READ VARIABLES:  QPUMP1    QSTTURB   QPUMP2    QTURB     QCOMP    
 
 
   WRITE VARIABLES: QNET      QCC       QGAS     
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     QNET             0.00000          39.9993                         
     QPUMP1           32.0202                         HP               
     QSTTURB         -36817.9                         HP               
     QPUMP2           78.8506                         HP               
     QTURB           -43067.9                         HP               
     QCOMP            26134.9                         HP               
     QCC              0.00000          27.3725                         
     QGAS             0.00000          12.6269                         
 
 CONVERGENCE BLOCK:  $OLVER01             
 ---------------------------- 
     SPECS: AIREXCES 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                               FLOWSHEET SECTION                                 
 
 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    15 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     2 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  TOTAL MOLEFLOW   AIRFLOW.MIXED                                LBMOL/HR     
1.1010+04      1.1208+04         0.0          
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: AIREXCES                                                                                  
     ITERATED:  TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1     0.1121E+05       -19.80         -19.80     
          2     0.1101E+05        0.000          0.000     
 
 CONVERGENCE BLOCK:  $OLVER02             
 ---------------------------- 
     SPECS: CW1 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    29 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     5 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  TOTAL MOLEFLOW   PUMPIN2.MIXED                                LBMOL/HR     
5605.5945      5605.4178      5.0022-09       
 
                          *** ITERATION HISTORY ***  
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                               FLOWSHEET SECTION                                 
 
 CONVERGENCE BLOCK:  $OLVER02 (CONTINUED)             
 
     DESIGN-SPEC ID: CW1                                                                                       
     ITERATED:  TOTAL MOLEFLOW IN STREAM PUMPIN2 SUBSTREAM MIXED     
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      5706.           -56.98        -0.5698E+05 
          2      5605.           0.2055          205.5     
          3      5606.          -0.2947E-02     -2.947     
          4      5605.           0.1013          101.3     
          5      5606.           0.5002E-11     0.5002E-08 
 
 CONVERGENCE BLOCK:  $OLVER03             
 ---------------------------- 
     SPECS: MITA 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    37 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     9 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  TOTAL MOLEFLOW   PUMPIN.MIXED                                 LBMOL/HR     
2276.3596      2276.0836     -1.6608-03       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: MITA                                                                                      
     ITERATED:  TOTAL MOLEFLOW IN STREAM PUMPIN SUBSTREAM MIXED  
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      2317.            2.972          297.2     
          2      2315.            2.788          278.8     
          3      2274.           -3.016         -301.6     
          4      2290.            1.122          112.2     
          5      2283.           0.5543          55.43     
          6      2280.           0.3990          39.90     
          7      2276.           0.7678E-01      7.678     
          8      2276.          -0.3090         -30.90     
          9      2276.          -0.1661E-04    -0.1661E-02 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                               FLOWSHEET SECTION                                 
 
 CONVERGENCE BLOCK:  $OLVER04             
 ---------------------------- 
     SPECS: TURBPOW 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:     5 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  TOTAL MOLEFLOW   FUEL.MIXED                                   LBMOL/HR     
1100.9577      1120.7583     -1.0337-03       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: TURBPOW                                                                                   
     ITERATED:  TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      500.0           0.2970E+05     0.2970E+05 
          2      549.0           0.2689E+05     0.2689E+05 
          3      1019.            4017.          4017.     
          4      1121.           -964.7         -964.7     
          5      1101.          -0.1034E-02    -0.1034E-02 
 
 COMPUTATIONAL SEQUENCE                   
 ---------------------- 
 
 SEQUENCE USED WAS: 
    WATERU ELEC                                                             
    $OLVER04                                                                
    |  $OLVER01                                                             
    |  (RETURN $OLVER01)                                                    
    |  COMPRSR VALVE1 COMBUST $HTX1H02 TURBINE $HTX2H01                     
    |  $OLVER03 PUMP VALVE2 $HTX2HTR                                        
    |  (RETURN $OLVER03)                                                    
    |  $HTX1H03                                                             
    |  $OLVER02 PUMP2 VALVE3 $HTX1HTR                                       
    |  (RETURN $OLVER02)                                                    
    |  STEAMTUR                                                             
    (RETURN $OLVER04)                                                       
    CONDENS MTA QNET                                                        
 
 OVERALL FLOWSHEET BALANCE                
 ------------------------- 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                               FLOWSHEET SECTION                                 
 
 OVERALL FLOWSHEET BALANCE (CONTINUED)                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   CONVENTIONAL COMPONENTS   
           (LBMOL/HR) 
      METHANE             1045.91      0.116429E-10  -1045.91       0.00000     
      WATER               7881.95       10138.9       2256.96      0.897033E-16 
      CARBO-01            3.63316       1088.82       1085.18     -0.208826E-15 
      NITROGEN            8596.28       8581.69      -14.5928      0.169447E-15 
      OXYGEN              2306.18       42.4984      -2263.68       0.00000     
      ARGON               103.490       103.490      0.137679E-12 -0.428038E-16 
      NO                  0.00000       29.1687       29.1687       0.00000     
      NO2                 0.00000      0.168815E-01  0.168815E-01   0.00000     
      CO                  0.00000       70.8216       70.8216       0.00000     
      ETHAN-01            55.0479      0.170240E-24  -55.0479       0.00000     
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         19992.5       20055.4       62.9263       0.00000     
   MASS(LB/HR   )         479331.       479331.                   -0.242871E-15 
   ENTHALPY(BTU/HR  )   -0.997673E+09 -0.136010E+10                0.266471     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             419642.      LB/HR            
    PRODUCT STREAMS CO2E          47918.6      LB/HR            
    NET STREAMS CO2E PRODUCTION  -371723.      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        -371723.      LB/HR            
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 COMPONENTS                               
 ---------- 
 
  ID       TYPE  ALIAS          NAME 
   METHANE  C     CH4            METHANE                          
   WATER    C     H2O            WATER                            
   CARBO-01 C     CO2            CARBON-DIOXIDE                   
   NITROGEN C     N2             NITROGEN                         
   OXYGEN   C     O2             OXYGEN                           
   ARGON    C     AR             ARGON                            
   NO       C     NO             NITRIC-OXIDE                     
   NO2      C     NO2            NITROGEN-DIOXIDE                 
   CO       C     CO             CARBON-MONOXIDE                  
   ETHAN-01 C     C2H6           ETHANE                           
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX           
 ------------------------------ 
 
   HOT SIDE:    INLET STREAM     OUTLET STREAM 
                ------------     ------------- 
                GAS              COOLGAS  
 
   COLD SIDE:   INLET STREAM     OUTLET STREAM 
                ------------     ------------- 
                PRESCW           CWOUT    
                STEAM            HOTSTEAM 
 
   PROPERTIES FOR STREAM GAS      
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
   PROPERTIES FOR STREAM STEAM    
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
   PROPERTIES FOR STREAM PRESCW   
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            20055.4         20055.4         0.00000     
       MASS(LB/HR   )            479331.         479331.        0.485741E-15 
       ENTHALPY(BTU/HR  )      -0.917045E+09   -0.917045E+09   -0.389978E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             47918.6      LB/HR            
    PRODUCT STREAMS CO2E          47918.6      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   SPECIFICATIONS FOR STREAM GAS     : 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                     1,940.00        
   PRESSURE DROP                        PSI                       8.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
   SPECIFICATIONS FOR STREAM STEAM   : 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                     1,940.00        
   PRESSURE DROP                        PSI                       8.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
   SPECIFICATIONS FOR STREAM PRESCW  : 
   TWO    PHASE      FLASH 
   PRESSURE DROP                        PSI                       8.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
                          ***  RESULTS  *** 
 
  INLET                  OUTLET       OUTLETOUTLET 
  STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
            BTU/HR       F            PSIA     
 
  GAS       -0.22139E+09   1940.00      342.00         1.0000 
  STEAM      0.24187E+08   1940.00      512.00         1.0000 
  PRESCW     0.19721E+09   1940.00      520.00         1.0000 
 
 
           ------------------------------------------ 
           |                                        | 
  GAS      |                                        | COOLGAS  
 --------->|          12173.     LBMOL/HR           |---------> 
   3827.96 |                                        |  1940.00 
           |                                        | 
  HOTSTEAM |                                        | STEAM    
<---------|          2276.4     LBMOL/HR           |<--------- 
   1940.00 |                                        |   902.20 
           |                                        | 
  CWOUT    |                                        | PRESCW   
<---------|          5605.6     LBMOL/HR           |<--------- 
   1940.00 |                                        |   170.59 
           |                                        | 
           ------------------------------------------ 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
                          ***  INTERNAL ANALYSIS  *** 
 
  FLOW IS COUNTERCURRENT. 
  DUTY                             0.22139E+09 BTU/HR       
  UA                               0.10840E+06 BTU/HR-R     
  AVERAGE LMTD (DUTY/UA)            2042.4     F    
  MIN TEMP APPROACH                 1768.6     F    
  HOT-SIDE TEMP APPROACH            1888.0     F    
  COLD-SIDE TEMP APPROACH           1769.4     F    
  HOT-SIDE NTU                     0.92437     
  COLD-SIDE NTU                    0.86633     
 
  TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
   0.000       1940.00    170.59   1769.41                                                                     
  0.2214E+07   1959.82    190.73   1769.09   1769.25   1251.      0.2214E+07   1251.                           
  0.4428E+07   1979.63    210.78   1768.86   1768.97   1252.      0.2214E+07   2503.                           
  0.6642E+07   1999.39    230.71   1768.68   1768.77   1252.      0.2214E+07   3755.                           
  0.8856E+07   2019.15    250.52   1768.63   1768.65   1252.      0.2214E+07   5006.      GBL                  
  0.1107E+08   2038.85    270.17   1768.68   1768.65   1252.      0.2214E+07   6258.                           
  0.1328E+08   2058.55    289.65   1768.90   1768.79   1252.      0.2214E+07   7510.                           
  0.1550E+08   2078.20    308.94   1769.26   1769.08   1251.      0.2214E+07   8761.                           
  0.1771E+08   2097.84    328.01   1769.83   1769.55   1251.      0.2214E+07  0.1001E+05                       
  0.1993E+08   2117.44    346.84   1770.60   1770.22   1251.      0.2214E+07  0.1126E+05                       
  0.2214E+08   2137.03    365.41   1771.62   1771.11   1250.      0.2214E+07  0.1251E+05                       
  0.2435E+08   2156.58    383.69   1772.88   1772.25   1249.      0.2214E+07  0.1376E+05                       
  0.2657E+08   2176.11    401.67   1774.45   1773.66   1248.      0.2214E+07  0.1501E+05                       
  0.2878E+08   2195.61    419.30   1776.31   1775.38   1247.      0.2214E+07  0.1626E+05                       
  0.3100E+08   2215.09    436.56   1778.53   1777.42   1246.      0.2214E+07  0.1750E+05                       
  0.3321E+08   2234.54    453.43   1781.12   1779.83   1244.      0.2214E+07  0.1875E+05                       
  0.3542E+08   2253.98    469.86   1784.12   1782.62   1242.      0.2214E+07  0.1999E+05                       
  0.3569E+08   2256.29    471.78   1784.51   1784.32   147.3      0.2628E+06  0.2014E+05         BP  PRESCW    
  0.3764E+08   2273.38    471.76   1801.62   1793.05   1088.      0.1951E+07  0.2122E+05                       
  0.3985E+08   2292.77    471.75   1821.03   1811.31   1222.      0.2214E+07  0.2245E+05                       
  0.4206E+08   2312.13    471.73   1840.40   1830.70   1209.      0.2214E+07  0.2366E+05                       
  0.4428E+08   2331.47    471.71   1859.76   1850.07   1197.      0.2214E+07  0.2485E+05                       
  0.4649E+08   2350.79    471.69   1879.10   1869.41   1184.      0.2214E+07  0.2604E+05                       
  0.4871E+08   2370.09    471.67   1898.41   1888.74   1172.      0.2214E+07  0.2721E+05                       
  0.5092E+08   2389.36    471.66   1917.70   1908.04   1160.      0.2214E+07  0.2837E+05                       
  0.5313E+08   2408.61    471.64   1936.97   1927.32   1149.      0.2214E+07  0.2952E+05                       
  0.5535E+08   2427.84    471.62   1956.22   1946.58   1137.      0.2214E+07  0.3066E+05                       
  0.5756E+08   2447.06    471.60   1975.45   1965.82   1126.      0.2214E+07  0.3178E+05                       
  0.5978E+08   2466.25    471.59   1994.66   1985.04   1115.      0.2214E+07  0.3290E+05                       
  0.6199E+08   2485.42    471.57   2013.85   2004.24   1105.      0.2214E+07  0.3400E+05                       
  0.6420E+08   2504.57    471.55   2033.02   2023.42   1094.      0.2214E+07  0.3510E+05                       
  0.6642E+08   2523.70    471.53   2052.17   2042.58   1084.      0.2214E+07  0.3618E+05                       
  0.6863E+08   2542.82    471.52   2071.31   2061.72   1074.      0.2214E+07  0.3725E+05                       
  0.7085E+08   2561.91    471.50   2090.42   2080.85   1064.      0.2214E+07  0.3832E+05                       
  0.7306E+08   2580.99    471.48   2109.51   2099.95   1054.      0.2214E+07  0.3937E+05                       
  0.7527E+08   2600.05    471.46   2128.59   2119.04   1045.      0.2214E+07  0.4042E+05                       
  0.7749E+08   2619.09    471.45   2147.65   2138.10   1035.      0.2214E+07  0.4145E+05                       
  0.7970E+08   2638.11    471.43   2166.69   2157.15   1026.      0.2214E+07  0.4248E+05                       
  0.8192E+08   2657.12    471.41   2185.71   2176.19   1017.      0.2214E+07  0.4350E+05                       
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.8413E+08   2676.11    471.39   2204.72   2195.20   1009.      0.2214E+07  0.4450E+05                       
  0.8634E+08   2695.09    471.37   2223.71   2214.20   999.9      0.2214E+07  0.4550E+05                       
  0.8856E+08   2714.04    471.36   2242.68   2233.18   991.4      0.2214E+07  0.4650E+05                       
  0.9077E+08   2732.98    471.34   2261.64   2252.15   983.0      0.2214E+07  0.4748E+05                       
  0.9299E+08   2751.90    471.32   2280.58   2271.10   974.8      0.2214E+07  0.4845E+05                       
  0.9520E+08   2770.81    471.30   2299.51   2290.03   966.8      0.2214E+07  0.4942E+05                       
  0.9741E+08   2789.70    471.29   2318.41   2308.95   958.8      0.2214E+07  0.5038E+05                       
  0.9963E+08   2808.58    471.27   2337.31   2327.85   951.1      0.2214E+07  0.5133E+05                       
  0.1018E+09   2827.43    471.25   2356.18   2346.73   943.4      0.2214E+07  0.5227E+05                       
  0.1041E+09   2846.29    471.23   2375.05   2365.60   935.9      0.2214E+07  0.5321E+05                       
  0.1063E+09   2865.11    471.22   2393.89   2384.46   928.5      0.2214E+07  0.5414E+05                       
  0.1085E+09   2883.93    471.20   2412.73   2403.30   921.2      0.2214E+07  0.5506E+05                       
  0.1107E+09   2902.73    471.18   2431.55   2422.13   914.0      0.2214E+07  0.5597E+05                       
  0.1129E+09   2921.52    471.16   2450.36   2440.94   907.0      0.2214E+07  0.5688E+05                       
  0.1142E+09   2932.39    471.15   2461.23   2455.79   522.0      0.1282E+07  0.5740E+05         DP  PRESCW    
  0.1151E+09   2940.29    487.61   2452.67   2456.95   379.4      0.9321E+06  0.5778E+05                       
  0.1173E+09   2959.05    527.20   2431.85   2442.25   906.5      0.2214E+07  0.5869E+05                       
  0.1196E+09   2977.79    567.34   2410.45   2421.14   914.4      0.2214E+07  0.5960E+05                       
  0.1218E+09   2996.53    607.87   2388.66   2399.54   922.6      0.2214E+07  0.6052E+05                       
  0.1240E+09   3015.24    648.67   2366.57   2377.60   931.2      0.2214E+07  0.6146E+05                       
  0.1262E+09   3033.95    689.66   2344.29   2355.41   939.9      0.2214E+07  0.6240E+05                       
  0.1284E+09   3052.64    730.76   2321.88   2333.07   948.9      0.2214E+07  0.6334E+05                       
  0.1306E+09   3071.33    771.91   2299.42   2310.63   958.1      0.2214E+07  0.6430E+05                       
  0.1328E+09   3089.99    813.06   2276.93   2288.16   967.6      0.2214E+07  0.6527E+05                       
  0.1350E+09   3108.65    854.16   2254.48   2265.69   977.2      0.2214E+07  0.6625E+05                       
  0.1373E+09   3127.29    895.20   2232.09   2243.27   986.9      0.2214E+07  0.6723E+05                       
  0.1376E+09   3130.47    902.20   2228.27   2230.18   169.6      0.3783E+06  0.6740E+05         IN  STEAM     
  0.1395E+09   3145.92    926.34   2219.57   2223.92   825.4      0.1836E+07  0.6823E+05                       
  0.1417E+09   3164.53    955.41   2209.13   2214.35   999.8      0.2214E+07  0.6923E+05                       
  0.1439E+09   3183.14    984.40   2198.74   2203.93   1005.      0.2214E+07  0.7023E+05                       
  0.1461E+09   3201.74   1013.32   2188.41   2193.57   1009.      0.2214E+07  0.7124E+05                       
  0.1483E+09   3220.32   1042.17   2178.15   2183.28   1014.      0.2214E+07  0.7226E+05                       
  0.1505E+09   3238.89   1070.93   2167.96   2173.05   1019.      0.2214E+07  0.7328E+05                       
  0.1528E+09   3257.45   1099.61   2157.84   2162.90   1024.      0.2214E+07  0.7430E+05                       
  0.1550E+09   3276.00   1128.20   2147.80   2152.82   1028.      0.2214E+07  0.7533E+05                       
  0.1572E+09   3294.54   1156.70   2137.85   2142.82   1033.      0.2214E+07  0.7636E+05                       
  0.1594E+09   3313.07   1185.09   2127.98   2132.91   1038.      0.2214E+07  0.7740E+05                       
  0.1616E+09   3331.59   1213.40   2118.19   2123.08   1043.      0.2214E+07  0.7844E+05                       
  0.1638E+09   3350.09   1241.61   2108.49   2113.33   1048.      0.2214E+07  0.7949E+05                       
  0.1660E+09   3368.59   1269.70   2098.89   2103.68   1052.      0.2214E+07  0.8054E+05                       
  0.1683E+09   3387.08   1297.71   2089.37   2094.12   1057.      0.2214E+07  0.8160E+05                       
  0.1705E+09   3405.55   1325.61   2079.94   2084.65   1062.      0.2214E+07  0.8266E+05                       
  0.1727E+09   3424.02   1353.41   2070.61   2075.27   1067.      0.2214E+07  0.8373E+05                       
  0.1749E+09   3442.47   1381.10   2061.37   2065.99   1072.      0.2214E+07  0.8480E+05                       
  0.1771E+09   3460.92   1408.70   2052.22   2056.79   1076.      0.2214E+07  0.8588E+05                       
  0.1793E+09   3479.36   1436.19   2043.16   2047.69   1081.      0.2214E+07  0.8696E+05                       
  0.1815E+09   3497.78   1463.58   2034.21   2038.68   1086.      0.2214E+07  0.8804E+05                       
  0.1838E+09   3516.20   1490.86   2025.34   2029.77   1091.      0.2214E+07  0.8913E+05                       
  0.1860E+09   3534.61   1518.05   2016.56   2020.94   1095.      0.2214E+07  0.9023E+05                       
  0.1882E+09   3553.01   1545.13   2007.88   2012.21   1100.      0.2214E+07  0.9133E+05                       
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.1904E+09   3571.40   1572.12   1999.28   2003.58   1105.      0.2214E+07  0.9243E+05                       
  0.1926E+09   3589.78   1599.01   1990.77   1995.02   1110.      0.2214E+07  0.9354E+05                       
  0.1948E+09   3608.15   1625.79   1982.36   1986.56   1114.      0.2214E+07  0.9466E+05                       
  0.1970E+09   3626.51   1652.48   1974.03   1978.19   1119.      0.2214E+07  0.9578E+05                       
  0.1993E+09   3644.87   1679.08   1965.79   1969.91   1124.      0.2214E+07  0.9690E+05                       
  0.2015E+09   3663.21   1705.58   1957.63   1961.71   1129.      0.2214E+07  0.9803E+05                       
  0.2037E+09   3681.55   1731.98   1949.57   1953.60   1133.      0.2214E+07  0.9916E+05                       
  0.2059E+09   3699.88   1758.29   1941.58   1945.58   1138.      0.2214E+07  0.1003E+06                       
  0.2081E+09   3718.20   1784.52   1933.68   1937.63   1143.      0.2214E+07  0.1014E+06                       
  0.2103E+09   3736.51   1810.65   1925.87   1929.77   1147.      0.2214E+07  0.1026E+06                       
  0.2125E+09   3754.82   1836.69   1918.13   1921.99   1152.      0.2214E+07  0.1037E+06                       
  0.2148E+09   3773.11   1862.65   1910.46   1914.29   1157.      0.2214E+07  0.1049E+06                       
  0.2170E+09   3791.41   1888.52   1902.89   1906.68   1161.      0.2214E+07  0.1061E+06                       
  0.2192E+09   3809.68   1914.30   1895.38   1899.13   1166.      0.2214E+07  0.1072E+06                       
  0.2214E+09   3827.96   1940.00   1887.96   1891.67   1170.      0.2214E+07  0.1084E+06                       
 
 
 
  GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
 
                          ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
 
 STREAM: GAS      
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.2214E+09   3828.       350.0       1.000     
   0.2169E+09   3791.       349.8       1.000     
   0.2124E+09   3753.       349.7       1.000     
   0.2078E+09   3716.       349.5       1.000     
   0.2033E+09   3679.       349.3       1.000     
   0.1988E+09   3641.       349.2       1.000     
   0.1943E+09   3604.       349.0       1.000     
   0.1898E+09   3566.       348.9       1.000     
   0.1852E+09   3529.       348.7       1.000     
   0.1807E+09   3491.       348.5       1.000     
   0.1762E+09   3453.       348.4       1.000     
   0.1717E+09   3416.       348.2       1.000     
   0.1672E+09   3378.       348.0       1.000     
   0.1627E+09   3340.       347.9       1.000     
   0.1581E+09   3302.       347.7       1.000     
   0.1536E+09   3265.       347.6       1.000     
   0.1491E+09   3227.       347.4       1.000     
   0.1446E+09   3189.       347.2       1.000     
   0.1401E+09   3151.       347.1       1.000     
   0.1355E+09   3113.       346.9       1.000     
   0.1310E+09   3075.       346.7       1.000     
   0.1265E+09   3037.       346.6       1.000     
   0.1220E+09   2998.       346.4       1.000     
   0.1175E+09   2960.       346.2       1.000     
   0.1130E+09   2922.       346.1       1.000     
   0.1084E+09   2884.       345.9       1.000     
   0.1039E+09   2845.       345.8       1.000     
   0.9940E+08   2807.       345.6       1.000     
   0.9488E+08   2768.       345.4       1.000     
   0.9036E+08   2730.       345.3       1.000     
   0.8585E+08   2691.       345.1       1.000     
   0.8133E+08   2652.       344.9       1.000     
   0.7681E+08   2613.       344.8       1.000     
   0.7229E+08   2574.       344.6       1.000     
   0.6777E+08   2535.       344.4       1.000     
   0.6326E+08   2496.       344.3       1.000     
   0.5874E+08   2457.       344.1       1.000     
   0.5422E+08   2418.       344.0       1.000     
   0.4970E+08   2379.       343.8       1.000     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.4518E+08   2339.       343.6       1.000     
   0.4066E+08   2300.       343.5       1.000     
   0.3615E+08   2260.       343.3       1.000     
   0.3163E+08   2221.       343.1       1.000     
   0.2711E+08   2181.       343.0       1.000     
   0.2259E+08   2141.       342.8       1.000     
   0.1807E+08   2101.       342.7       1.000     
   0.1355E+08   2061.       342.5       1.000     
   0.9036E+07   2021.       342.3       1.000     
   0.4518E+07   1980.       342.2       1.000     
    0.000       1940.       342.0       1.000     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
 
                          ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
 
 STREAM: PRESCW   
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
    0.000       170.6       528.0       0.000     
   0.4196E+07   208.7       527.8       0.000     
   0.8392E+07   246.4       527.7       0.000     
   0.1259E+08   283.5       527.5       0.000     
   0.1678E+08   320.0       527.3       0.000     
   0.2098E+08   355.7       527.1       0.000     
   0.2518E+08   390.4       527.0       0.000     
   0.2937E+08   423.9       526.8       0.000     
   0.3357E+08   456.1       526.6       0.000     
   0.3569E+08   471.8       526.6       0.000     
   0.3776E+08   471.8       526.5      0.2648E-01 
   0.4196E+08   471.7       526.3      0.7998E-01 
   0.4615E+08   471.7       526.1      0.1335     
   0.5035E+08   471.7       526.0      0.1870     
   0.5455E+08   471.6       525.8      0.2404     
   0.5874E+08   471.6       525.6      0.2939     
   0.6294E+08   471.6       525.4      0.3474     
   0.6713E+08   471.5       525.3      0.4008     
   0.7133E+08   471.5       525.1      0.4543     
   0.7553E+08   471.5       524.9      0.5077     
   0.7972E+08   471.4       524.8      0.5612     
   0.8392E+08   471.4       524.6      0.6146     
   0.8811E+08   471.4       524.4      0.6680     
   0.9231E+08   471.3       524.3      0.7215     
   0.9650E+08   471.3       524.1      0.7749     
   0.1007E+09   471.3       523.9      0.8283     
   0.1049E+09   471.2       523.7      0.8817     
   0.1091E+09   471.2       523.6      0.9351     
   0.1133E+09   471.2       523.4      0.9885     
   0.1142E+09   471.2       523.4       1.000     
   0.1175E+09   529.8       523.2       1.000     
   0.1217E+09   606.3       523.1       1.000     
   0.1259E+09   683.8       522.9       1.000     
   0.1301E+09   761.7       522.7       1.000     
   0.1343E+09   839.6       522.6       1.000     
   0.1385E+09   917.4       522.4       1.000     
   0.1427E+09   994.7       522.2       1.000     
   0.1469E+09   1072.       522.0       1.000     
   0.1511E+09   1148.       521.9       1.000     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.1552E+09   1223.       521.7       1.000     
   0.1594E+09   1298.       521.5       1.000     
   0.1636E+09   1372.       521.4       1.000     
   0.1678E+09   1446.       521.2       1.000     
   0.1720E+09   1518.       521.0       1.000     
   0.1762E+09   1590.       520.9       1.000     
   0.1804E+09   1662.       520.7       1.000     
   0.1846E+09   1732.       520.5       1.000     
   0.1888E+09   1802.       520.3       1.000     
   0.1930E+09   1871.       520.2       1.000     
   0.1972E+09   1940.       520.0       1.000     
 
 STREAM: STEAM    
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
    0.000       902.2       520.0       1.000     
   0.4936E+06   924.7       519.8       1.000     
   0.9872E+06   947.1       519.7       1.000     
   0.1481E+07   969.5       519.5       1.000     
   0.1974E+07   991.9       519.3       1.000     
   0.2468E+07   1014.       519.2       1.000     
   0.2962E+07   1036.       519.0       1.000     
   0.3455E+07   1059.       518.9       1.000     
   0.3949E+07   1081.       518.7       1.000     
   0.4443E+07   1103.       518.5       1.000     
   0.4936E+07   1125.       518.4       1.000     
   0.5430E+07   1147.       518.2       1.000     
   0.5923E+07   1169.       518.0       1.000     
   0.6417E+07   1191.       517.9       1.000     
   0.6911E+07   1213.       517.7       1.000     
   0.7404E+07   1235.       517.6       1.000     
   0.7898E+07   1256.       517.4       1.000     
   0.8392E+07   1278.       517.2       1.000     
   0.8885E+07   1300.       517.1       1.000     
   0.9379E+07   1321.       516.9       1.000     
   0.9872E+07   1343.       516.7       1.000     
   0.1037E+08   1364.       516.6       1.000     
   0.1086E+08   1385.       516.4       1.000     
   0.1135E+08   1407.       516.2       1.000     
   0.1185E+08   1428.       516.1       1.000     
   0.1234E+08   1449.       515.9       1.000     
   0.1283E+08   1470.       515.8       1.000     
   0.1333E+08   1491.       515.6       1.000     
   0.1382E+08   1512.       515.4       1.000     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.1432E+08   1533.       515.3       1.000     
   0.1481E+08   1554.       515.1       1.000     
   0.1530E+08   1575.       514.9       1.000     
   0.1580E+08   1596.       514.8       1.000     
   0.1629E+08   1616.       514.6       1.000     
   0.1678E+08   1637.       514.4       1.000     
   0.1728E+08   1658.       514.3       1.000     
   0.1777E+08   1678.       514.1       1.000     
   0.1826E+08   1699.       514.0       1.000     
   0.1876E+08   1719.       513.8       1.000     
   0.1925E+08   1739.       513.6       1.000     
   0.1974E+08   1760.       513.5       1.000     
   0.2024E+08   1780.       513.3       1.000     
   0.2073E+08   1800.       513.1       1.000     
   0.2123E+08   1820.       513.0       1.000     
   0.2172E+08   1840.       512.8       1.000     
   0.2221E+08   1860.       512.7       1.000     
   0.2271E+08   1880.       512.5       1.000     
   0.2320E+08   1900.       512.3       1.000     
   0.2369E+08   1920.       512.2       1.000     
   0.2419E+08   1940.       512.0       1.000     
 
 BLOCK:  HTX2     MODEL: MHEATX           
 ------------------------------ 
 
   HOT SIDE:    INLET STREAM     OUTLET STREAM 
                ------------     ------------- 
                GTURBOUT         OUTLET   
 
   COLD SIDE:   INLET STREAM     OUTLET STREAM 
                ------------     ------------- 
                H2OIN            STEAM    
 
   PROPERTIES FOR STREAM GTURBOUT 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
   PROPERTIES FOR STREAM H2OIN    
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 260  
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 21   
              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            14449.8         14449.8         0.00000     
       MASS(LB/HR   )            378344.         378344.         0.00000     
       ENTHALPY(BTU/HR  )      -0.620845E+09   -0.620845E+09   -0.115207E-14 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             47918.6      LB/HR            
    PRODUCT STREAMS CO2E          47918.6      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
 
   SPECIFICATIONS FOR STREAM GTURBOUT: 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       318.500       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
   SPECIFICATIONS FOR STREAM H2OIN   : 
   TWO    PHASE      FLASH 
   PRESSURE DROP                        PSI                       8.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
                          ***  RESULTS  *** 
 
  INLET                  OUTLET       OUTLETOUTLET 
  STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
            BTU/HR       F            PSIA     
 
  GTURBOUT  -0.55898E+08    318.50      15.000         1.0000 
  H2OIN      0.55898E+08    902.20      520.00         1.0000 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
 
           ------------------------------------------ 
           |                                        | 
  GTURBOUT |                                        | OUTLET   
 --------->|          12173.     LBMOL/HR           |---------> 
    905.80 |                                        |   318.50 
           |                                        | 
  STEAM    |                                        | H2OIN    
<---------|          2276.4     LBMOL/HR           |<--------- 
    902.20 |                                        |   170.59 
           |                                        | 
           ------------------------------------------ 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
                          ***  INTERNAL ANALYSIS  *** 
 
  FLOW IS COUNTERCURRENT. 
  DUTY                             0.55898E+08 BTU/HR       
  UA                               0.98127E+06 BTU/HR-R     
  AVERAGE LMTD (DUTY/UA)            56.965     F    
  MIN TEMP APPROACH                 3.6000     F    
  HOT-SIDE TEMP APPROACH            3.6000     F    
  COLD-SIDE TEMP APPROACH           147.91     F    
  HOT-SIDE NTU                      10.310     
  COLD-SIDE NTU                     12.843     
 
  TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
   0.000        318.50    170.59    147.91                                                                     
  0.5590E+06    324.60    183.12    141.48    144.67   3864.      0.5590E+06   3864.                           
  0.1118E+07    330.71    195.62    135.09    138.26   4043.      0.5590E+06   7907.                           
  0.1677E+07    336.80    208.08    128.72    131.88   4239.      0.5590E+06  0.1215E+05                       
  0.2236E+07    342.90    220.50    122.40    125.53   4453.      0.5590E+06  0.1660E+05                       
  0.2795E+07    348.99    232.88    116.11    119.23   4688.      0.5590E+06  0.2129E+05                       
  0.3354E+07    355.07    245.20    109.88    112.97   4948.      0.5590E+06  0.2623E+05                       
  0.3913E+07    361.15    257.46    103.69    106.75   5236.      0.5590E+06  0.3147E+05                       
  0.4472E+07    367.23    269.66     97.56    100.60   5557.      0.5590E+06  0.3703E+05                       
  0.5031E+07    373.30    281.80     91.50     94.50   5915.      0.5590E+06  0.4294E+05                       
  0.5590E+07    379.37    293.87     85.50     88.47   6319.      0.5590E+06  0.4926E+05                       
  0.6149E+07    385.43    305.85     79.57     82.50   6775.      0.5590E+06  0.5604E+05                       
  0.6708E+07    391.49    317.76     73.73     76.61   7296.      0.5590E+06  0.6333E+05                       
  0.7267E+07    397.54    329.58     67.96     70.81   7895.      0.5590E+06  0.7123E+05                       
  0.7826E+07    403.59    341.30     62.29     65.08   8589.      0.5590E+06  0.7982E+05                       
  0.8385E+07    409.63    352.93     56.70     59.45   9403.      0.5590E+06  0.8922E+05                       
  0.8944E+07    415.67    364.45     51.22     53.91  0.1037E+05  0.5590E+06  0.9959E+05                       
  0.9503E+07    421.71    375.87     45.84     48.48  0.1153E+05  0.5590E+06  0.1111E+06                       
  0.1006E+08    427.74    387.16     40.58     43.16  0.1295E+05  0.5590E+06  0.1241E+06                       
  0.1062E+08    433.76    398.33     35.43     37.94  0.1473E+05  0.5590E+06  0.1388E+06                       
  0.1118E+08    439.78    409.38     30.40     32.85  0.1702E+05  0.5590E+06  0.1558E+06                       
  0.1174E+08    445.80    420.29     25.51     27.89  0.2004E+05  0.5590E+06  0.1759E+06                       
  0.1230E+08    451.81    431.05     20.76     23.05  0.2425E+05  0.5590E+06  0.2001E+06                       
  0.1286E+08    457.82    441.67     16.15     18.36  0.3045E+05  0.5590E+06  0.2306E+06                       
  0.1342E+08    463.82    452.13     11.69     13.80  0.4050E+05  0.5590E+06  0.2711E+06                       
  0.1397E+08    469.82    462.42      7.40      9.38  0.5957E+05  0.5590E+06  0.3306E+06                       
  0.1448E+08    475.29    471.66      3.63      5.29  0.9636E+05  0.5100E+06  0.4270E+06  LOC    BP  H2OIN     
  0.1453E+08    475.81    471.65      4.16      3.89  0.1259E+05  0.4894E+05  0.4396E+06                       
  0.1509E+08    481.80    471.64     10.16      6.72  0.8322E+05  0.5590E+06  0.5228E+06                       
  0.1565E+08    487.78    471.62     16.16     12.93  0.4324E+05  0.5590E+06  0.5660E+06                       
  0.1621E+08    493.76    471.61     22.15     19.00  0.2942E+05  0.5590E+06  0.5955E+06                       
  0.1677E+08    499.73    471.59     28.14     25.03  0.2233E+05  0.5590E+06  0.6178E+06                       
  0.1733E+08    505.70    471.58     34.13     31.04  0.1801E+05  0.5590E+06  0.6358E+06                       
  0.1789E+08    511.67    471.56     40.11     37.04  0.1509E+05  0.5590E+06  0.6509E+06                       
  0.1845E+08    517.63    471.54     46.08     43.02  0.1299E+05  0.5590E+06  0.6639E+06                       
  0.1901E+08    523.58    471.53     52.05     49.01  0.1141E+05  0.5590E+06  0.6753E+06                       
  0.1956E+08    529.53    471.51     58.02     54.98  0.1017E+05  0.5590E+06  0.6855E+06                       
  0.2012E+08    535.47    471.50     63.98     60.95   9172.      0.5590E+06  0.6946E+06                       
  0.2068E+08    541.41    471.48     69.93     66.91   8354.      0.5590E+06  0.7030E+06                       
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.2124E+08    547.35    471.47     75.88     72.87   7671.      0.5590E+06  0.7107E+06                       
  0.2180E+08    553.28    471.45     81.83     78.82   7092.      0.5590E+06  0.7177E+06                       
  0.2236E+08    559.20    471.43     87.77     84.76   6595.      0.5590E+06  0.7243E+06                       
  0.2292E+08    565.12    471.42     93.71     90.70   6163.      0.5590E+06  0.7305E+06                       
  0.2348E+08    571.04    471.40     99.64     96.64   5784.      0.5590E+06  0.7363E+06                       
  0.2404E+08    576.95    471.39    105.56    102.57   5450.      0.5590E+06  0.7417E+06                       
  0.2460E+08    582.85    471.37    111.48    108.50   5152.      0.5590E+06  0.7469E+06                       
  0.2515E+08    588.76    471.36    117.40    114.42   4886.      0.5590E+06  0.7518E+06                       
  0.2571E+08    594.65    471.34    123.31    120.33   4645.      0.5590E+06  0.7564E+06                       
  0.2627E+08    600.54    471.32    129.22    126.24   4428.      0.5590E+06  0.7608E+06                       
  0.2683E+08    606.43    471.31    135.12    132.15   4230.      0.5590E+06  0.7651E+06                       
  0.2739E+08    612.31    471.29    141.02    138.05   4049.      0.5590E+06  0.7691E+06                       
  0.2795E+08    618.18    471.28    146.91    143.94   3883.      0.5590E+06  0.7730E+06                       
  0.2851E+08    624.06    471.26    152.80    149.83   3731.      0.5590E+06  0.7767E+06                       
  0.2907E+08    629.92    471.25    158.68    155.72   3590.      0.5590E+06  0.7803E+06                       
  0.2963E+08    635.78    471.23    164.55    161.60   3459.      0.5590E+06  0.7838E+06                       
  0.3019E+08    641.64    471.21    170.42    167.47   3338.      0.5590E+06  0.7871E+06                       
  0.3074E+08    647.49    471.20    176.29    173.34   3225.      0.5590E+06  0.7904E+06                       
  0.3130E+08    653.34    471.18    182.15    179.21   3119.      0.5590E+06  0.7935E+06                       
  0.3186E+08    659.18    471.17    188.01    185.07   3020.      0.5590E+06  0.7965E+06                       
  0.3242E+08    665.02    471.15    193.86    190.92   2928.      0.5590E+06  0.7994E+06                       
  0.3298E+08    670.85    471.14    199.71    196.77   2841.      0.5590E+06  0.8023E+06                       
  0.3354E+08    676.67    471.12    205.55    202.62   2759.      0.5590E+06  0.8050E+06                       
  0.3410E+08    682.50    471.10    211.39    208.46   2681.      0.5590E+06  0.8077E+06                       
  0.3466E+08    688.31    471.09    217.22    214.30   2608.      0.5590E+06  0.8103E+06                       
  0.3522E+08    694.13    471.07    223.05    220.13   2539.      0.5590E+06  0.8128E+06                       
  0.3578E+08    699.93    471.06    228.88    225.95   2474.      0.5590E+06  0.8153E+06                       
  0.3633E+08    705.74    471.04    234.70    231.77   2412.      0.5590E+06  0.8177E+06                       
  0.3689E+08    711.53    471.03    240.51    237.59   2353.      0.5590E+06  0.8201E+06                       
  0.3745E+08    717.33    471.01    246.32    243.40   2297.      0.5590E+06  0.8224E+06                       
  0.3801E+08    723.11    470.99    252.12    249.21   2243.      0.5590E+06  0.8246E+06                       
  0.3857E+08    728.90    470.98    257.92    255.01   2192.      0.5590E+06  0.8268E+06                       
  0.3913E+08    734.67    470.96    263.71    260.80   2143.      0.5590E+06  0.8290E+06                       
  0.3969E+08    740.45    470.95    269.50    266.60   2097.      0.5590E+06  0.8311E+06                       
  0.4025E+08    746.22    470.93    275.29    272.38   2052.      0.5590E+06  0.8331E+06                       
  0.4081E+08    751.98    470.91    281.06    278.16   2010.      0.5590E+06  0.8351E+06                       
  0.4136E+08    757.74    470.90    286.84    283.94   1969.      0.5590E+06  0.8371E+06                       
  0.4192E+08    763.49    470.88    292.61    289.71   1929.      0.5590E+06  0.8390E+06                       
  0.4248E+08    769.24    470.87    298.37    295.48   1892.      0.5590E+06  0.8409E+06                       
  0.4304E+08    774.99    470.85    304.13    301.24   1856.      0.5590E+06  0.8428E+06                       
  0.4360E+08    780.72    470.84    309.89    307.00   1821.      0.5590E+06  0.8446E+06                       
  0.4416E+08    786.46    470.82    315.64    312.76   1787.      0.5590E+06  0.8464E+06                       
  0.4472E+08    792.19    470.80    321.38    318.50   1755.      0.5590E+06  0.8481E+06                       
  0.4528E+08    797.91    470.79    327.13    324.25   1724.      0.5590E+06  0.8499E+06                       
  0.4584E+08    803.63    470.77    332.86    329.99   1694.      0.5590E+06  0.8515E+06                       
  0.4637E+08    809.09    470.76    338.33    335.59   1590.      0.5337E+06  0.8531E+06         DP  H2OIN     
  0.4640E+08    809.35    471.85    337.50    337.91   74.78      0.2527E+05  0.8532E+06                       
  0.4695E+08    815.06    496.23    318.83    328.07   1704.      0.5590E+06  0.8549E+06                       
  0.4751E+08    820.77    520.88    299.89    309.26   1807.      0.5590E+06  0.8567E+06                       
  0.4807E+08    826.47    545.75    280.72    290.20   1926.      0.5590E+06  0.8586E+06                       
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.4863E+08    832.16    570.79    261.37    270.93   2063.      0.5590E+06  0.8607E+06                       
  0.4919E+08    837.86    595.98    241.87    251.50   2223.      0.5590E+06  0.8629E+06                       
  0.4975E+08    843.54    621.29    222.25    231.92   2410.      0.5590E+06  0.8653E+06                       
  0.5031E+08    849.23    646.70    202.53    212.24   2634.      0.5590E+06  0.8680E+06                       
  0.5087E+08    854.90    672.17    182.73    192.46   2904.      0.5590E+06  0.8709E+06                       
  0.5143E+08    860.58    697.70    162.88    172.62   3238.      0.5590E+06  0.8741E+06                       
  0.5199E+08    866.25    723.26    142.99    152.72   3660.      0.5590E+06  0.8778E+06                       
  0.5254E+08    871.91    748.84    123.07    132.78   4210.      0.5590E+06  0.8820E+06                       
  0.5310E+08    877.57    774.43    103.13    112.81   4955.      0.5590E+06  0.8869E+06                       
  0.5366E+08    883.23    800.03     83.20     92.81   6023.      0.5590E+06  0.8930E+06                       
  0.5422E+08    888.87    825.61     63.27     72.78   7681.      0.5590E+06  0.9006E+06                       
  0.5478E+08    894.52    851.17     43.35     52.69  0.1061E+05  0.5590E+06  0.9113E+06                       
  0.5534E+08    900.16    876.70     23.46     32.40  0.1726E+05  0.5590E+06  0.9285E+06                       
  0.5590E+08    905.80    902.20      3.60     10.60  0.5276E+05  0.5590E+06  0.9813E+06  GBL                  
 
 
 
  GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
 
                          ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
 
 STREAM: GTURBOUT 
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.5590E+08   905.8       20.00       1.000     
   0.5476E+08   894.3       19.90       1.000     
   0.5362E+08   882.8       19.80       1.000     
   0.5248E+08   871.2       19.69       1.000     
   0.5134E+08   859.7       19.59       1.000     
   0.5019E+08   848.1       19.49       1.000     
   0.4905E+08   836.5       19.39       1.000     
   0.4791E+08   824.8       19.29       1.000     
   0.4677E+08   813.2       19.18       1.000     
   0.4563E+08   801.5       19.08       1.000     
   0.4449E+08   789.9       18.98       1.000     
   0.4335E+08   778.2       18.88       1.000     
   0.4221E+08   766.4       18.78       1.000     
   0.4107E+08   754.7       18.67       1.000     
   0.3993E+08   742.9       18.57       1.000     
   0.3879E+08   731.1       18.47       1.000     
   0.3765E+08   719.3       18.37       1.000     
   0.3651E+08   707.5       18.27       1.000     
   0.3536E+08   695.7       18.16       1.000     
   0.3422E+08   683.8       18.06       1.000     
   0.3308E+08   671.9       17.96       1.000     
   0.3194E+08   660.0       17.86       1.000     
   0.3080E+08   648.1       17.76       1.000     
   0.2966E+08   636.1       17.65       1.000     
   0.2852E+08   624.2       17.55       1.000     
   0.2738E+08   612.2       17.45       1.000     
   0.2624E+08   600.2       17.35       1.000     
   0.2510E+08   588.2       17.24       1.000     
   0.2396E+08   576.1       17.14       1.000     
   0.2282E+08   564.0       17.04       1.000     
   0.2167E+08   551.9       16.94       1.000     
   0.2053E+08   539.8       16.84       1.000     
   0.1939E+08   527.7       16.73       1.000     
   0.1825E+08   515.6       16.63       1.000     
   0.1711E+08   503.4       16.53       1.000     
   0.1597E+08   491.2       16.43       1.000     
   0.1483E+08   479.0       16.33       1.000     
   0.1369E+08   466.8       16.22       1.000     
   0.1255E+08   454.5       16.12       1.000     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.1141E+08   442.2       16.02       1.000     
   0.1027E+08   430.0       15.92       1.000     
   0.9126E+07   417.6       15.82       1.000     
   0.7985E+07   405.3       15.71       1.000     
   0.6845E+07   393.0       15.61       1.000     
   0.5704E+07   380.6       15.51       1.000     
   0.4563E+07   368.2       15.41       1.000     
   0.3422E+07   355.8       15.31       1.000     
   0.2282E+07   343.4       15.20       1.000     
   0.1141E+07   331.0       15.10       1.000     
    0.000       318.5       15.00       1.000     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
 
                          ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
 
 STREAM: H2OIN    
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
    0.000       170.6       528.0       0.000     
   0.1189E+07   197.2       527.8       0.000     
   0.2379E+07   223.7       527.7       0.000     
   0.3568E+07   249.9       527.5       0.000     
   0.4757E+07   275.9       527.3       0.000     
   0.5947E+07   301.5       527.1       0.000     
   0.7136E+07   326.8       527.0       0.000     
   0.8325E+07   351.7       526.8       0.000     
   0.9515E+07   376.1       526.6       0.000     
   0.1070E+08   400.0       526.5       0.000     
   0.1189E+08   423.3       526.3       0.000     
   0.1308E+08   445.9       526.1       0.000     
   0.1427E+08   467.8       526.0       0.000     
   0.1448E+08   471.7       525.9       0.000     
   0.1546E+08   471.6       525.8      0.3067E-01 
   0.1665E+08   471.6       525.6      0.6802E-01 
   0.1784E+08   471.6       525.4      0.1054     
   0.1903E+08   471.5       525.3      0.1427     
   0.2022E+08   471.5       525.1      0.1800     
   0.2141E+08   471.5       524.9      0.2174     
   0.2260E+08   471.4       524.8      0.2547     
   0.2379E+08   471.4       524.6      0.2920     
   0.2498E+08   471.4       524.4      0.3293     
   0.2617E+08   471.3       524.3      0.3667     
   0.2735E+08   471.3       524.1      0.4040     
   0.2854E+08   471.3       523.9      0.4413     
   0.2973E+08   471.2       523.7      0.4786     
   0.3092E+08   471.2       523.6      0.5159     
   0.3211E+08   471.2       523.4      0.5532     
   0.3330E+08   471.1       523.2      0.5905     
   0.3449E+08   471.1       523.1      0.6278     
   0.3568E+08   471.1       522.9      0.6650     
   0.3687E+08   471.0       522.7      0.7023     
   0.3806E+08   471.0       522.6      0.7396     
   0.3925E+08   471.0       522.4      0.7769     
   0.4044E+08   470.9       522.2      0.8141     
   0.4163E+08   470.9       522.0      0.8514     
   0.4282E+08   470.9       521.9      0.8887     
   0.4401E+08   470.8       521.7      0.9259     
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX2     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.4519E+08   470.8       521.5      0.9632     
   0.4637E+08   470.8       521.4       1.000     
   0.4638E+08   471.3       521.4       1.000     
   0.4757E+08   523.5       521.2       1.000     
   0.4876E+08   576.7       521.0       1.000     
   0.4995E+08   630.5       520.9       1.000     
   0.5114E+08   684.7       520.7       1.000     
   0.5233E+08   739.0       520.5       1.000     
   0.5352E+08   793.5       520.3       1.000     
   0.5471E+08   847.9       520.2       1.000     
   0.5590E+08   902.2       520.0       1.000     
 
 BLOCK:  COMBUST  MODEL: RGIBBS           
 ------------------------------ 
   INLET STREAMS:         FUEL        AIRFEED  
   OUTLET STREAM:         GAS      
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         12110.5       12173.5       62.9263       0.00000     
   MASS(LB/HR   )         337335.       337335.                   -0.103531E-14 
   ENTHALPY(BTU/HR  )   -0.124802E+08 -0.124802E+08                0.347147E-10 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             419642.      LB/HR            
    PRODUCT STREAMS CO2E          47918.6      LB/HR            
    NET STREAMS CO2E PRODUCTION  -371723.      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        -371723.      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   EQUILIBRIUM SPECIFICATIONS:                        
     ONLY CHEMICAL EQUILIBRIUM IS CONSIDERED, THE FLUID PHASE IS VAPOR    
     CALCULATED TEMPERATURE    F                              3828.0     
     TEMPERATURE FOR FREE ENERGY EVALUATION    F              3828.0     
     SYSTEM PRESSURE       PSIA                               350.00     
     SPECIFIED DUTY        BTU/HR                               0.0000     
 
   FLUID PHASE SPECIES IN PRODUCT LIST: 
     METHANE WATER CARBO-01 NITROGEN OXYGEN ARGON NO NO2 CO ETHAN-01  
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COMBUST  MODEL: RGIBBS (CONTINUED)           
 
   ATOM MATRIX:    
   ELEMENT      H    C    N    O    AR   
     METHANE    4.00 1.00 0.00 0.00 0.00 
     WATER      2.00 0.00 0.00 1.00 0.00 
     CARBO-01   0.00 1.00 0.00 2.00 0.00 
     NITROGEN   0.00 0.00 2.00 0.00 0.00 
     OXYGEN     0.00 0.00 0.00 2.00 0.00 
     ARGON      0.00 0.00 0.00 0.00 1.00 
     NO         0.00 0.00 1.00 1.00 0.00 
     NO2        0.00 0.00 1.00 2.00 0.00 
     CO         0.00 1.00 0.00 1.00 0.00 
     ETHAN-01   6.00 2.00 0.00 0.00 0.00 
 
                           ***  RESULTS  *** 
   TEMPERATURE           F                                    3828.0     
   PRESSURE              PSIA                                 350.00     
   VAPOR FRACTION                                             1.0000     
   NUMBER OF FLUID PHASES                                              1 
 
   FLUID PHASE MOLE FRACTIONS:    
 
   PHASE              VAPOR    
   OF TYPE            VAPOR    
   PHASE FRACTION     1.000000     
   PLACED IN STREAM   GAS      
     METHANE         0.9564155E-15 
     CARBO-01        0.8944187E-01 
     NITROGEN        0.7049503     
     OXYGEN          0.3491073E-02 
     ARGON           0.8501282E-02 
     NO              0.2396086E-02 
     NO2             0.1386750E-05 
     CO              0.5817703E-02 
     ETHAN-01        0.1398449E-28 
     WATER           0.1854003     
 
   LBMOL/HR           12173.46     
 
 BLOCK:  COMPRSR  MODEL: MCOMPR           
 ------------------------------ 
   INLET STREAMS:    AIRFLOW      TO STAGE   1 
   OUTLET STREAMS:   RXNFEED    FROM STAGE   3 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  COMPRSR  MODEL: MCOMPR (CONTINUED)           
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            11009.6         11009.6         0.00000     
       MASS(LB/HR   )            318901.         318901.       -0.182526E-15 
       ENTHALPY(BTU/HR  )      -0.134318E+07    0.231036E+08    -1.05814     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             159.895      LB/HR            
    PRODUCT STREAMS CO2E          159.895      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
   NUMBER OF STAGES                                          3 
   FINAL PRESSURE, PSIA                                    365.000       
 
                    COMPRESSOR SPECIFICATIONS PER STAGE 
 
   STAGE                     MECHANICAL      ISENTROPIC                  
   NUMBER                    EFFICIENCY      EFFICIENCY 
 
 
     1                        1.000          0.7200     
     2                        1.000          0.7200     
     3                        1.000          0.7200     
 
                    COOLER SPECIFICATIONS PER STAGE 
 
 
   STAGE      PRESSURE        COOLER 
   NUMBER     DROP            SPECIFICATION 
              PSI      
     1         5.000          OUTLET TEMPERATURE   100.0      F        
     2         5.000          OUTLET TEMPERATURE   100.0      F        
     3         5.000          HEAT DUTY            0.000      BTU/HR   
 
                           ***  RESULTS  *** 
 
   FINAL PRESSURE, PSIA                                    365.000       
   TOTAL WORK REQUIRED, HP                              26,134.9         
   TOTAL COOLING DUTY , BTU/HR                              -0.420518+08 
 
                           ***  PROFILE  *** 
 
                           COMPRESSOR PROFILE 
 
   STAGE      OUTLET       PRESSURE     OUTLET 
   NUMBER     PRESSURE     RATIO        TEMPERATURE 
              PSIA                      F    
 
     1        42.89        2.917        328.8     
     2        125.1        3.302        413.2     
     3        365.0        3.039        388.2     
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 BLOCK:  COMPRSR  MODEL: MCOMPR (CONTINUED)           
 
   STAGE      INDICATED      BRAKE                                        
   NUMBER     HORSEPOWER     HORSEPOWER 
              HP             HP 
     1        7884.          7884.     
     2        9508.          9508.     
     3        8743.          8743.     
 
   STAGE      HEAD           VOLUMETRIC 
   NUMBER     DEVELOPED      FLOW 
              FT-LBF/LB      CUFT/HR      
     1       0.3525E+05     0.4238E+07 
     2       0.4250E+05     0.1744E+07 
     3       0.3908E+05     0.5487E+06 
 
                           COOLER PROFILE 
 
   STAGE      OUTLET          OUTLET       COOLING     VAPOR 
   NUMBER     TEMPERATURE     PRESSURE     LOAD        FRACTION 
              F               PSIA         BTU/HR   
 
     1         100.0           37.89       -.1766E+08   1.000     
     2         100.0           120.1       -.2439E+08   1.000     
     3         388.2           365.0        0.000       1.000     
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 BLOCK:  COMPRSR  MODEL: MCOMPR (CONTINUED)           
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
 UTILITY USAGE:  ELEC      (ELECTRICITY)  
 ------------------------------ 
 COMPRESSOR STAGE   1   5879.4700                      293.9735   
 COMPRESSOR STAGE   2   7090.0605                      354.5030   
 COMPRESSOR STAGE   3   6519.2905                      325.9645   
                    -------------                     ------------- 
 TOTAL:                 1.9489+04  KW                  974.4410  $/HR             
                    ============= 
 UTILITY USAGE:  WATERU    (WATER)        
 ------------------------------ 
 COOLER STAGE       1   8.8633+05                        7.9326   
 COOLER STAGE       2   1.2237+06                       10.9523   
 COOLER STAGE       3      0.0                           0.0      
                    -------------                     ------------- 
 TOTAL:                 2.1100+06  LB/HR                18.8849  $/HR             
                    ============= 
 
 BLOCK:  CONDENS  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          STURBOUT 
   OUTLET STREAM:         CONDOUT  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7881.95         7881.95         0.00000     
       MASS(LB/HR   )            141996.         141996.         0.00000     
       ENTHALPY(BTU/HR  )      -0.776853E+09   -0.960746E+09    0.191406     
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 BLOCK:  CONDENS  MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       170.000       
   PRESSURE DROP                        PSI                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    170.00     
   OUTLET PRESSURE       PSIA                                 6.0000     
   HEAT DUTY             BTU/HR                             -0.18389E+09 
   OUTLET VAPOR FRACTION                                      0.0000     
   PRESSURE-DROP CORRELATION PARAMETER                        0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER             1.0000         1.0000         1.0000        0.90467     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR WATER                      WATERU 
  RATE OF CONSUMPTION                    9.2272+06  LB/HR            
  COST                                     82.5838  $/HR             
 
 BLOCK:  PUMP     MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          PUMPIN   
   OUTLET STREAM:         PUMPOUT  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2276.36         2276.36         0.00000     
       MASS(LB/HR   )            41009.3         41009.3         0.00000     
       ENTHALPY(BTU/HR  )      -0.277470E+09   -0.277388E+09   -0.293629E-03 
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 BLOCK:  PUMP     MODEL: PUMP (CONTINUED)             
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 543.000       
    PUMP EFFICIENCY                                         0.85000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         696.901       
    PRESSURE CHANGE  PSI                                  537.000       
    NPSH AVAILABLE   FT-LBF/LB                              1.40535     
    FLUID POWER  HP                                        27.2172      
    BRAKE POWER  HP                                        32.0202      
    ELECTRICITY  KW                                        23.8775      
    PUMP EFFICIENCY USED                                    0.85000     
    NET WORK REQUIRED  HP                                  32.0202      
    HEAD DEVELOPED FT-LBF/LB                            1,314.09        
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                      23.8775  KW               
  COST                                      1.1939  $/HR             
 
 BLOCK:  PUMP2    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          PUMPIN2  
   OUTLET STREAM:         PUMPOUT2 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5605.59         5605.59         0.00000     
       MASS(LB/HR   )            100986.         100986.         0.00000     
       ENTHALPY(BTU/HR  )      -0.683276E+09   -0.683076E+09   -0.293629E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  PUMP2    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 543.000       
    PUMP EFFICIENCY                                         0.85000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       1,716.14        
    PRESSURE CHANGE  PSI                                  537.000       
    NPSH AVAILABLE   FT-LBF/LB                              1.40535     
    FLUID POWER  HP                                        67.0230      
    BRAKE POWER  HP                                        78.8506      
    ELECTRICITY  KW                                        58.7989      
    PUMP EFFICIENCY USED                                    0.85000     
    NET WORK REQUIRED  HP                                  78.8506      
    HEAD DEVELOPED FT-LBF/LB                            1,314.09        
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                      58.7989  KW               
  COST                                      2.9399  $/HR             
 
 BLOCK:  STEAMTUR MODEL: COMPR            
 ----------------------------- 
   INLET STREAMS:         CWOUT       HOTSTEAM 
   OUTLET STREAM:         STURBOUT 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7881.95         7881.95         0.00000     
       MASS(LB/HR   )            141996.         141996.         0.00000     
       ENTHALPY(BTU/HR  )      -0.683172E+09   -0.776853E+09    0.120590     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  STEAMTUR MODEL: COMPR (CONTINUED)            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC TURBINE 
    OUTLET PRESSURE  PSIA                                    6.00000     
    ISENTROPIC EFFICIENCY                                    0.85000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP              -36,817.9         
    BRAKE      HORSEPOWER REQUIREMENT  HP              -36,817.9         
    NET WORK REQUIRED                  HP              -36,817.9         
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP              -43,315.2         
    CALCULATED OUTLET TEMP  F                              722.141       
    ISENTROPIC TEMPERATURE  F                              479.952       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.85000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                   -603,991.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.23282     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               396,251.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                     0.166492+08 
    INLET  COMPRESSIBILITY FACTOR                            0.99958     
    OUTLET COMPRESSIBILITY FACTOR                            0.99932     
    AV. ISENT. VOL. EXPONENT                                 1.26754     
    AV. ISENT. TEMP EXPONENT                                 1.26719     
    AV. ACTUAL VOL. EXPONENT                                 1.18954     
    AV. ACTUAL TEMP EXPONENT                                 1.18945     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                    2.7455+04  KW               
  COST                                   1372.7564  $/HR             
 
 BLOCK:  TURBINE  MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          COOLGAS  
   OUTLET STREAM:         GTURBOUT 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
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 BLOCK:  TURBINE  MODEL: COMPR (CONTINUED)            
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            12173.5         12173.5         0.00000     
       MASS(LB/HR   )            337335.         337335.         0.00000     
       ENTHALPY(BTU/HR  )      -0.233873E+09   -0.343456E+09    0.319060     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             47918.6      LB/HR            
    PRODUCT STREAMS CO2E          47918.6      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC TURBINE 
    OUTLET PRESSURE  PSIA                                   20.0000      
    ISENTROPIC EFFICIENCY                                    0.90000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP              -43,067.9         
    BRAKE      HORSEPOWER REQUIREMENT  HP              -43,067.9         
    NET WORK REQUIRED                  HP              -43,067.9         
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP              -47,853.2         
    CALCULATED OUTLET TEMP  F                              905.800       
    ISENTROPIC TEMPERATURE  F                              781.988       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.90000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                   -280,876.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.27806     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               921,000.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR             8,921,530.          
    INLET  COMPRESSIBILITY FACTOR                            1.00476     
    OUTLET COMPRESSIBILITY FACTOR                            1.00027     
    AV. ISENT. VOL. EXPONENT                                 1.30493     
    AV. ISENT. TEMP EXPONENT                                 1.30221     
    AV. ACTUAL VOL. EXPONENT                                 1.25028     
    AV. ACTUAL TEMP EXPONENT                                 1.24781     
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 BLOCK:  TURBINE  MODEL: COMPR (CONTINUED)            
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                    3.2116+04  KW               
  COST                                   1605.7855  $/HR             
 
 BLOCK:  VALVE1   MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          RXNFEED  
   OUTLET STREAM:         AIRFEED  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            11009.6         11009.6         0.00000     
       MASS(LB/HR   )            318901.         318901.         0.00000     
       ENTHALPY(BTU/HR  )       0.231036E+08    0.231036E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             159.895      LB/HR            
    PRODUCT STREAMS CO2E          159.895      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          15.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        350.000       
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 BLOCK:  VALVE2   MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          PUMPOUT  
   OUTLET STREAM:         H2OIN    
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2276.36         2276.36         0.00000     
       MASS(LB/HR   )            41009.3         41009.3         0.00000     
       ENTHALPY(BTU/HR  )      -0.277388E+09   -0.277388E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          15.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        528.000       
 
 BLOCK:  VALVE3   MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          PUMPOUT2 
   OUTLET STREAM:         PRESCW   
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  VALVE3   MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5605.59         5605.59         0.00000     
       MASS(LB/HR   )            100986.         100986.         0.00000     
       ENTHALPY(BTU/HR  )      -0.683076E+09   -0.683076E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          15.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        528.000       
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 AIRFEED AIRFLOW CONDOUT COOLGAS CWOUT            
 ------------------------------------- 
 
 STREAM ID               AIRFEED    AIRFLOW    CONDOUT    COOLGAS    CWOUT    
 FROM :                  VALVE1     ----       CONDENS    HTX1       HTX1 
 TO   :                  COMBUST    COMPRSR    ----       TURBINE    STEAMTUR 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     VAPOR      VAPOR 
 COMPONENTS: LBMOL/HR         
   METHANE                0.0        0.0        0.0     1.1643-11     0.0    
   WATER                  0.0        0.0     7881.9541  2256.9634  5605.5945 
   CARBO-01               3.6332     3.6332     0.0     1088.8172     0.0    
   NITROGEN            8596.2780  8596.2780     0.0     8581.6852     0.0    
   OXYGEN              2306.1762  2306.1762     0.0       42.4984     0.0    
   ARGON                103.4900   103.4900     0.0      103.4900     0.0    
   NO                     0.0        0.0        0.0       29.1687     0.0    
   NO2                    0.0        0.0        0.0     1.6882-02     0.0    
   CO                     0.0        0.0        0.0       70.8216     0.0    
   ETHAN-01               0.0        0.0        0.0     1.7024-25     0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.0        0.0        0.0     9.5642-16     0.0    
   WATER                  0.0        0.0        1.0000     0.1854     1.0000 
   CARBO-01            3.3000-04  3.3000-04     0.0     8.9442-02     0.0    
   NITROGEN               0.7808     0.7808     0.0        0.7050     0.0    
   OXYGEN                 0.2095     0.2095     0.0     3.4911-03     0.0    
   ARGON               9.4000-03  9.4000-03     0.0     8.5013-03     0.0    
   NO                     0.0        0.0        0.0     2.3961-03     0.0    
   NO2                    0.0        0.0        0.0     1.3868-06     0.0    
   CO                     0.0        0.0        0.0     5.8177-03     0.0    
   ETHAN-01               0.0        0.0        0.0     1.3984-29     0.0    
 COMPONENTS: LB/HR            
   METHANE                0.0        0.0        0.0     1.8678-10     0.0    
   WATER                  0.0        0.0     1.4200+05  4.0660+04  1.0099+05 
   CARBO-01             159.8947   159.8947     0.0     4.7919+04     0.0    
   NITROGEN            2.4081+05  2.4081+05     0.0     2.4040+05     0.0    
   OXYGEN              7.3795+04  7.3795+04     0.0     1359.8993     0.0    
   ARGON               4134.2196  4134.2196     0.0     4134.2196     0.0    
   NO                     0.0        0.0        0.0      875.2389     0.0    
   NO2                    0.0        0.0        0.0        0.7766     0.0    
   CO                     0.0        0.0        0.0     1983.7408     0.0    
   ETHAN-01               0.0        0.0        0.0     5.1190-24     0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.0        0.0        0.0     5.5370-16     0.0    
   WATER                  0.0        0.0        1.0000     0.1205     1.0000 
   CARBO-01            5.0139-04  5.0139-04     0.0        0.1421     0.0    
   NITROGEN               0.7551     0.7551     0.0        0.7127     0.0    
   OXYGEN                 0.2314     0.2314     0.0     4.0313-03     0.0    
   ARGON               1.2964-02  1.2964-02     0.0     1.2256-02     0.0    
   NO                     0.0        0.0        0.0     2.5946-03     0.0    
   NO2                    0.0        0.0        0.0     2.3023-06     0.0    
   CO                     0.0        0.0        0.0     5.8806-03     0.0    
   ETHAN-01               0.0        0.0        0.0     1.5175-29     0.0    
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 AIRFEED AIRFLOW CONDOUT COOLGAS CWOUT (CONTINUED)    
 
 STREAM ID               AIRFEED    AIRFLOW    CONDOUT    COOLGAS    CWOUT    
 
 TOTAL FLOW:      
   LBMOL/HR            1.1010+04  1.1010+04  7881.9541  1.2173+04  5605.5945 
   LB/HR               3.1890+05  3.1890+05  1.4200+05  3.3734+05  1.0099+05 
   CUFT/HR             2.8783+05  4.2385+06  2413.0390  9.2100+05  2.7749+05 
 STATE VARIABLES: 
   TEMP   F             388.0266    68.0000   170.0000  1940.0000  1940.0000 
   PRES   PSIA          350.0000    14.7000     6.0000   342.0000   520.0000 
   VFRAC                  1.0000     1.0000     0.0        1.0000     1.0000 
   LFRAC                  0.0        0.0        1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL           2098.5018  -122.0015 -1.2189+05 -1.9212+04 -8.6676+04 
   BTU/LB                72.4477    -4.2119 -6766.0247  -693.2958 -4811.2451 
   BTU/HR              2.3104+07 -1.3432+06 -9.6075+08 -2.3387+08 -4.8587+08 
 ENTROPY:         
   BTU/LBMOL-R           -2.0095     1.0028   -36.9861     5.7204    -4.2613 
   BTU/LB-R           -6.9376-02  3.4619-02    -2.0530     0.2064    -0.2365 
 DENSITY:         
   LBMOL/CUFT          3.8250-02  2.5975-03     3.2664  1.3218-02  2.0201-02 
   LB/CUFT                1.1079  7.5239-02    58.8451     0.3663     0.3639 
 AVG MW                  28.9657    28.9657    18.0153    27.7107    18.0153 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 FUEL GAS GTURBOUT H2OIN HOTSTEAM                 
 -------------------------------- 
 
 STREAM ID               FUEL       GAS        GTURBOUT   H2OIN      HOTSTEAM 
 FROM :                  ----       COMBUST    TURBINE    VALVE2     HTX1     
 TO   :                  COMBUST    HTX1       HTX2       HTX2       STEAMTUR 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPORVAPOR      LIQUID     VAPOR   
 COMPONENTS: LBMOL/HR         
   METHANE             1045.9099  1.1643-11  1.1643-11     0.0        0.0    
   WATER                  0.0     2256.9634  2256.9634  2276.3596  2276.3596 
   CARBO-01               0.0     1088.8172  1088.8172     0.0        0.0    
   NITROGEN               0.0     8581.6852  8581.6852     0.0        0.0    
   OXYGEN                 0.0       42.4984    42.4984     0.0        0.0    
   ARGON                  0.0      103.4900   103.4900     0.0        0.0    
   NO                     0.0       29.1687    29.1687     0.0        0.0    
   NO2                    0.0     1.6882-02  1.6882-02     0.0        0.0    
   CO                     0.0       70.8216    70.8216     0.0        0.0    
   ETHAN-01              55.0479  1.7024-25  1.7024-25     0.0        0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.9500  9.5642-16  9.5642-16     0.0        0.0    
   WATER                  0.0        0.1854     0.1854     1.0000     1.0000 
   CARBO-01               0.0     8.9442-02  8.9442-02     0.0        0.0    
   NITROGEN               0.0        0.7050     0.7050     0.0        0.0    
   OXYGEN                 0.0     3.4911-03  3.4911-03     0.0        0.0    
   ARGON                  0.0     8.5013-03  8.5013-03     0.0        0.0    
   NO                     0.0     2.3961-03  2.3961-03     0.0        0.0    
   NO2                    0.0     1.3868-06  1.3868-06     0.0        0.0    
   CO                     0.0     5.8177-03  5.8177-03     0.0        0.0    
   ETHAN-01            5.0000-02  1.3984-29  1.3984-29     0.0        0.0    
 COMPONENTS: LB/HR            
   METHANE             1.6779+04  1.8678-10  1.8678-10     0.0        0.0    
   WATER                  0.0     4.0660+04  4.0660+04  4.1009+04  4.1009+04 
   CARBO-01               0.0     4.7919+04  4.7919+04     0.0        0.0    
   NITROGEN               0.0     2.4040+05  2.4040+05     0.0        0.0    
   OXYGEN                 0.0     1359.8993  1359.8993     0.0        0.0    
   ARGON                  0.0     4134.2196  4134.2196     0.0        0.0    
   NO                     0.0      875.2389   875.2389     0.0        0.0    
   NO2                    0.0        0.7766     0.7766     0.0        0.0    
   CO                     0.0     1983.7408  1983.7408     0.0        0.0    
   ETHAN-01            1655.2701  5.1190-24  5.1190-24     0.0        0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.9102  5.5370-16  5.5370-16     0.0        0.0    
   WATER                  0.0        0.1205     0.1205     1.0000     1.0000 
   CARBO-01               0.0        0.1421     0.1421     0.0        0.0    
   NITROGEN               0.0        0.7127     0.7127     0.0        0.0    
   OXYGEN                 0.0     4.0313-03  4.0313-03     0.0        0.0    
   ARGON                  0.0     1.2256-02  1.2256-02     0.0        0.0    
   NO                     0.0     2.5946-03  2.5946-03     0.0        0.0    
   NO2                    0.0     2.3023-06  2.3023-06     0.0        0.0    
   CO                     0.0     5.8806-03  5.8806-03     0.0        0.0    
   ETHAN-01            8.9792-02  1.5175-29  1.5175-29     0.0        0.0    
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 FUEL GAS GTURBOUT H2OIN HOTSTEAM (CONTINUED)         
 
 STREAM ID               FUEL       GAS        GTURBOUT   H2OIN      HOTSTEAM 
 
 TOTAL FLOW:      
   LBMOL/HR            1100.9577  1.2173+04  1.2173+04  2276.3596  2276.3596 
   LB/HR               1.8435+04  3.3734+05  3.3734+05  4.1009+04  4.1009+04 
   CUFT/HR             1.7584+04  1.6048+06  8.9215+06   697.1492  1.1444+05 
 STATE VARIABLES: 
   TEMP   F              90.0000  3827.9597   905.8000   170.5879  1940.0000 
   PRES   PSIA          350.0000   350.0000    20.0000   528.0000   512.0000 
   VFRAC                  1.0000     1.0000     1.0000     0.0        1.0000 
   LFRAC                  0.0        0.0        0.0        1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -3.2321+04 -1025.1942 -2.8214+04 -1.2186+05 -8.6674+04 
   BTU/LB             -1930.2765   -36.9963 -1018.1459 -6764.0380 -4811.1622 
   BTU/HR             -3.5584+07 -1.2480+07 -3.4346+08 -2.7739+08 -1.9730+08 
 ENTROPY:         
   BTU/LBMOL-R          -26.3106    11.2432     6.4881   -36.9833    -4.2299 
   BTU/LB-R              -1.5713     0.4057     0.2341    -2.0529    -0.2348 
 DENSITY:         
   LBMOL/CUFT          6.2610-02  7.5859-03  1.3645-03     3.2652  1.9890-02 
   LB/CUFT                1.0483     0.2102  3.7811-02    58.8242     0.3583 
 AVG MW                  16.7441    27.7107    27.7107    18.0153    18.0153 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 OUTLET PRESCW PUMPIN PUMPIN2 PUMPOUT             
 ------------------------------------ 
 
 STREAM ID               OUTLET     PRESCW     PUMPIN     PUMPIN2    PUMPOUT  
 FROM :                  HTX2       VALVE3     ----       ----       PUMP     
 TO   :                  ----       HTX1       PUMP       PUMP2      VALVE2   
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUIDLIQUIDLIQUID 
 COMPONENTS: LBMOL/HR         
   METHANE             1.1643-11     0.0        0.0        0.0        0.0    
   WATER               2256.9634  5605.5945  2276.3596  5605.5945  2276.3596 
   CARBO-01            1088.8172     0.0        0.0        0.0        0.0    
   NITROGEN            8581.6852     0.0        0.0        0.0        0.0    
   OXYGEN                42.4984     0.0        0.0        0.0        0.0    
   ARGON                103.4900     0.0        0.0        0.0        0.0    
   NO                    29.1687     0.0        0.0        0.0        0.0    
   NO2                 1.6882-02     0.0        0.0        0.0        0.0    
   CO                    70.8216     0.0        0.0        0.0        0.0    
   ETHAN-01            1.7024-25     0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   METHANE             9.5642-16     0.0        0.0        0.0        0.0    
   WATER                  0.1854     1.0000     1.0000     1.0000     1.0000 
   CARBO-01            8.9442-02     0.0        0.0        0.0        0.0    
   NITROGEN               0.7050     0.0        0.0        0.0        0.0    
   OXYGEN              3.4911-03     0.0        0.0        0.0        0.0    
   ARGON               8.5013-03     0.0        0.0        0.0        0.0    
   NO                  2.3961-03     0.0        0.0        0.0        0.0    
   NO2                 1.3868-06     0.0        0.0        0.0        0.0    
   CO                  5.8177-03     0.0        0.0        0.0        0.0    
   ETHAN-01            1.3984-29     0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   METHANE             1.8678-10     0.0        0.0        0.0        0.0    
   WATER               4.0660+04  1.0099+05  4.1009+04  1.0099+05  4.1009+04 
   CARBO-01            4.7919+04     0.0        0.0        0.0        0.0    
   NITROGEN            2.4040+05     0.0        0.0        0.0        0.0    
   OXYGEN              1359.8993     0.0        0.0        0.0        0.0    
   ARGON               4134.2196     0.0        0.0        0.0        0.0    
   NO                   875.2389     0.0        0.0        0.0        0.0    
   NO2                    0.7766     0.0        0.0        0.0        0.0    
   CO                  1983.7408     0.0        0.0        0.0        0.0    
   ETHAN-01            5.1190-24     0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   METHANE             5.5370-16     0.0        0.0        0.0        0.0    
   WATER                  0.1205     1.0000     1.0000     1.0000     1.0000 
   CARBO-01               0.1421     0.0        0.0        0.0        0.0    
   NITROGEN               0.7127     0.0        0.0        0.0        0.0    
   OXYGEN              4.0313-03     0.0        0.0        0.0        0.0    
   ARGON               1.2256-02     0.0        0.0        0.0        0.0    
   NO                  2.5946-03     0.0        0.0        0.0        0.0    
   NO2                 2.3023-06     0.0        0.0        0.0        0.0    
   CO                  5.8806-03     0.0        0.0        0.0        0.0    
   ETHAN-01            1.5175-29     0.0        0.0        0.0        0.0    
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 OUTLET PRESCW PUMPIN PUMPIN2 PUMPOUT (CONTINUED)     
 
 STREAM ID               OUTLET     PRESCW     PUMPIN     PUMPIN2    PUMPOUT  
 
 TOTAL FLOW:      
   LBMOL/HR            1.2173+04  5605.5945  2276.3596  5605.5945  2276.3596 
   LB/HR               3.3734+05  1.0099+05  4.1009+04  1.0099+05  4.1009+04 
   CUFT/HR             6.7737+06  1716.7479   696.9014  1716.1376   697.1341 
 STATE VARIABLES: 
   TEMP   F             318.5000   170.5879   170.0000   170.0000   170.5522 
   PRES   PSIA           15.0000   528.0000     6.0000     6.0000   543.0000 
   VFRAC                  1.0000     0.0        0.0        0.0        0.0    
   LFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -3.2805+04 -1.2186+05 -1.2189+05 -1.2189+05 -1.2186+05 
   BTU/LB             -1183.8520 -6764.0380 -6766.0247 -6766.0247 -6764.0380 
   BTU/HR             -3.9935+08 -6.8308+08 -2.7747+08 -6.8328+08 -2.7739+08 
 ENTROPY:         
   BTU/LBMOL-R            2.6797   -36.9833   -36.9861   -36.9861   -36.9849 
   BTU/LB-R            9.6703-02    -2.0529    -2.0530    -2.0530    -2.0530 
 DENSITY:         
   LBMOL/CUFT          1.7972-03     3.2652     3.2664     3.2664     3.2653 
   LB/CUFT             4.9801-02    58.8242    58.8451    58.8451    58.8255 
 AVG MW                  27.7107    18.0153    18.0153    18.0153    18.0153 
 287  
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 48   
              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 PUMPOUT2 RXNFEED STEAM STURBOUT                  
 ------------------------------- 
 
 STREAM ID               PUMPOUT2   RXNFEED    STEAM      STURBOUT 
 FROM :                  PUMP2      COMPRSR    HTX2       STEAMTUR 
 TO   :                  VALVE3     VALVE1     HTX1       CONDENS  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      VAPORVAPOR 
 COMPONENTS: LBMOL/HR         
   METHANE                0.0        0.0        0.0        0.0    
   WATER               5605.5945     0.0     2276.3596  7881.9541 
   CARBO-01               0.0        3.6332     0.0        0.0    
   NITROGEN               0.0     8596.2780     0.0        0.0    
   OXYGEN                 0.0     2306.1762     0.0        0.0    
   ARGON                  0.0      103.4900     0.0        0.0    
   NO                     0.0        0.0        0.0        0.0    
   NO2                    0.0        0.0        0.0        0.0    
   CO                     0.0        0.0        0.0        0.0    
   ETHAN-01               0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.0        0.0        0.0        0.0    
   WATER                  1.0000     0.0        1.0000     1.0000 
   CARBO-01               0.0     3.3000-04     0.0        0.0    
   NITROGEN               0.0        0.7808     0.0        0.0    
   OXYGEN                 0.0        0.2095     0.0        0.0    
   ARGON                  0.0     9.4000-03     0.0        0.0    
   NO                     0.0        0.0        0.0        0.0    
   NO2                    0.0        0.0        0.0        0.0    
   CO                     0.0        0.0        0.0        0.0    
   ETHAN-01               0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   METHANE                0.0        0.0        0.0        0.0    
   WATER               1.0099+05     0.0     4.1009+04  1.4200+05 
   CARBO-01               0.0      159.8947     0.0        0.0    
   NITROGEN               0.0     2.4081+05     0.0        0.0    
   OXYGEN                 0.0     7.3795+04     0.0        0.0    
   ARGON                  0.0     4134.2196     0.0        0.0    
   NO                     0.0        0.0        0.0        0.0    
   NO2                    0.0        0.0        0.0        0.0    
   CO                     0.0        0.0        0.0        0.0    
   ETHAN-01               0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.0        0.0        0.0        0.0    
   WATER                  1.0000     0.0        1.0000     1.0000 
   CARBO-01               0.0     5.0139-04     0.0        0.0    
   NITROGEN               0.0        0.7551     0.0        0.0    
   OXYGEN                 0.0        0.2314     0.0        0.0    
   ARGON                  0.0     1.2964-02     0.0        0.0    
   NO                     0.0        0.0        0.0        0.0    
   NO2                    0.0        0.0        0.0        0.0    
   CO                     0.0        0.0        0.0        0.0    
   ETHAN-01               0.0        0.0        0.0        0.0    
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                 STREAM SECTION                                  
 
 PUMPOUT2 RXNFEED STEAM STURBOUT (CONTINUED)          
 
 STREAM ID               PUMPOUT2   RXNFEED    STEAM      STURBOUT 
 
 TOTAL FLOW:      
   LBMOL/HR            5605.5945  1.1010+04  2276.3596  7881.9541 
   LB/HR               1.0099+05  3.1890+05  4.1009+04  1.4200+05 
   CUFT/HR             1716.7108  2.7612+05  6.1663+04  1.6649+07 
 STATE VARIABLES: 
   TEMP   F             170.5522   388.1617   902.2000   722.1410 
   PRES   PSIA          543.0000   365.0000   520.0000     6.0000 
   VFRAC                  0.0        1.0000     1.0000     1.0000 
   LFRAC                  1.0000     0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2186+05  2098.5018 -9.7300+04 -9.8561+04 
   BTU/LB             -6764.0380    72.4477 -5400.9679 -5470.9654 
   BTU/HR             -6.8308+08  2.3104+07 -2.2149+08 -7.7685+08 
 ENTROPY:         
   BTU/LBMOL-R          -36.9849    -2.0934   -10.0243    -2.2459 
   BTU/LB-R              -2.0530 -7.2270-02    -0.5564    -0.1247 
 DENSITY:         
   LBMOL/CUFT             3.2653  3.9872-02  3.6916-02  4.7341-04 
   LB/CUFT               58.8255     1.1549     0.6651  8.5287-03 
 AVG MW                  18.0153    28.9657    18.0153    18.0153 
 289  
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 50   
              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                UTILITY SECTION                                  
 
 UTILITY USAGE:  ELEC      (ELECTRICITY)  
 --------------------------------------- 
 
  INPUT DATA: 
 
    PRICE                             5.0000-02  $/KWHR           
    INDEX TYPE                             FUEL 
 
  RESULT: 
 
    INDEXED PRICE                     5.0000-02  $/KWHR           
 
  THIS UTILITY IS PURCHASED 
 
  USAGE: 
 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            KW                $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  PUMP      PUMP                 8.1473+04           23.8775            1.1939       
  PUMP2     PUMP                 2.0063+05           58.7989            2.9399       
  STEAMTUR  COMPR                9.3681+07         2.7455+04         1372.7564       
  TURBINE   COMPR                1.0958+08         3.2116+04         1605.7855       
  COMPRSR   MCOMPR               6.6499+07         1.9489+04          974.4410       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         2.7004+08         7.9142+04         3957.1168       
                          ================  ================  ================ 
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              BOILER WITH HIGH TEMPERATURE COMBINED STEAM CYCLE                  
                                UTILITY SECTION                                  
 
 UTILITY USAGE:  WATERU    (WATER)        
 --------------------------------- 
 
  INPUT DATA: 
 
    INLET TEMPERATURE                   58.0000  F                
    OUTLET TEMPERATURE                  78.0000  F                
    INLET PRESSURE                      23.0000  PSIA             
    OUTLET PRESSURE                     14.7000  PSIA             
    PRICE                             8.9500-06  $/LB             
    INDEX TYPE                             FUEL 
 
  RESULT: 
 
    COOLING VALUE                       19.9293  BTU/LB           
    INDEXED PRICE                     8.9500-06  $/LB             
 
  THIS UTILITY IS PURCHASED 
 
  USAGE: 
 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            LB/HR             $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  CONDENS   HEATER               1.8389+08         9.2272+06           82.5838       
  COMPRSR   MCOMPR               4.2052+07         2.1100+06           18.8849       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         2.2594+08         1.1337+07          101.4687       
                          ================  ================  ================ 
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 BLOCK STATUS                             
 ------------ 
 
 **************************************************************************** 
 *                                                                          * 
 * Calculations were completed normally                                     * 
 *                                                                          * 
 * All Unit Operation blocks were completed normally                        * 
 *                                                                          * 
 * All streams were flashed normally                                        * 
 *                                                                          * 
 * All Utility blocks were completed normally                               * 
 *                                                                          * 
 * All Convergence blocks were completed normally                           * 
 *                                                                          * 
 * All Sensitivity blocks were completed normally                           * 
 *                                                                          * 
 * All Calculator blocks were completed normally                            * 
 *                                                                          * 
 **************************************************************************** 
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Boiler with Steam Turbine 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/09/2012  PAGE 1    
                          BOILER WITH STEAM TURBINE                              
                              RUN CONTROL SECTION                                
 
 RUN CONTROL INFORMATION                  
 ----------------------- 
 
 THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN         
 
 TYPE OF RUN: NEW  
 
 INPUT FILE NAME: _0606umg.inm 
 
 OUTPUT PROBLEM DATA FILE NAME: _0606umg  
 LOCATED IN:                     
 
 
 PDF SIZE USED FOR INPUT TRANSLATION: 
   NUMBER OF FILE RECORDS (PSIZE) =     0 
   NUMBER OF IN-CORE RECORDS      =   256 
 PSIZE NEEDED FOR SIMULATION    =   256 
 
 CALLING PROGRAM NAME:          apmain 
 LOCATED IN:                    C:\PROGRA~2\ASPENT~1\ASPENP~2.3\Engine\xeq 
 
 SIMULATION REQUESTED FOR ENTIRE FLOWSHEET 
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                          BOILER WITH STEAM TURBINE                              
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY STREAMS        
 --------------------------------- 
 
   STREAM     SOURCE     DEST           STREAM     SOURCE     DEST 
   FUEL       ----       COMBUST        AIRFLOW    ----       COMPRESS 
   GAS        COMBUST    $HTX1H01       PUMPOUT    PUMP       VALVE2   
   TURBOUT    STEAMTUR   CONDENSE       CWIN       CONDENSE   PUMP     
   CWOUT      $HTX1HTR   STEAMTUR       COOLGAS    $HTX1H01   ----     
   RXNFEED    VALVE      COMBUST        PRESCW     VALVE2     $HTX1HTR 
   COMPOUT    COMPRESS   VALVE          $HTX1Q01   $HTX1H01   $HTX1HTR 
 
 FLOWSHEET CONNECTIVITY BY BLOCKS         
 -------------------------------- 
 
   BLOCK        INLETS                         OUTLETS 
   COMBUST      RXNFEED FUEL                   GAS                          
   PUMP         CWIN                           PUMPOUT                      
   STEAMTUR     CWOUT                          TURBOUT                      
   CONDENSE     TURBOUT                        CWIN                         
   VALVE        COMPOUT                        RXNFEED                      
   VALVE2       PUMPOUT                        PRESCW                       
   COMPRESS     AIRFLOW                        COMPOUT                      
   $HTX1H01     GAS                            COOLGAS $HTX1Q01             
   $HTX1HTR     PRESCW $HTX1Q01                CWOUT                        
 
 CONVERGENCE STATUS SUMMARY               
 -------------------------- 
 
   DESIGN-SPEC SUMMARY 
   =================== 
 
 
   DESIGN                                                            CONV 
   SPEC      ERROR        TOLERANCE    ERR/TOL      VARIABLE   STAT  BLOCK 
   ------    -----        ---------    -------      --------   ----  ----- 
   AIREXCES  0.53043       1.0000      0.53043       13374.     #    $OLVER02 
   CW        0.88169E-05  0.10000E-02  0.88169E-02   13089.     #    $OLVER03 
   MITA     -0.58975E-12  0.10000E-01 -0.58975E-10   220.59     #    $OLVER04 
   TURBPOW   0.25709       1.0000      0.25709       1337.9     #    $OLVER05 
 
   TEAR STREAM SUMMARY 
   =================== 
 
 
   STREAM    MAXIMUM                   MAXIMUM     VARIABLE             CONV 
   ID        ERROR        TOLERANCE    ERR/TOL     ID             STAT  BLOCK 
   ------    -------      ---------    --------    --------       ----  ----- 
   CWIN      0.61414E-04  0.16492E-03  0.37239     TOTAL MOLEFLOW   #   $OLVER01                                                                                  
 
   #  = CONVERGED 
   *  = NOT CONVERGED 
   LB = AT LOWER BOUNDS 
   UB = AT UPPER BOUNDS 
 
 DESIGN-SPEC:  AIREXCES                   
 ---------------------- 
 
   SAMPLED VARIABLES: 
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                          BOILER WITH STEAM TURBINE                              
                               FLOWSHEET SECTION                                 
 
 DESIGN-SPEC:  AIREXCES (CONTINUED)                   
     AIR      : TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
     FUEL     : TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
 
   SPECIFICATION: 
     MAKE FUEL APPROACH AIR/10    
     WITHIN          1.00000                                   
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
     LOWER LIMIT =         100.000                    LBMOL/HR         
     UPPER LIMIT =     100,000.                       LBMOL/HR         
     FINAL VALUE =      13,373.7                      LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     AIR             13373.7            13373.7        LBMOL/HR         
     FUEL            1337.90            1337.90        LBMOL/HR         
 
 DESIGN-SPEC:  CW                         
 ---------------- 
 
   SAMPLED VARIABLES: 
     CWT      : TEMPERATURE IN STREAM CWOUT SUBSTREAM MIXED  
 
   SPECIFICATION: 
     MAKE CWT APPROACH 1,940.00   
     WITHIN          0.00100000                                
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM CWIN SUBSTREAM MIXED    
     LOWER LIMIT =       5,000.00                     LBMOL/HR         
     UPPER LIMIT =     100,000.                       LBMOL/HR         
     FINAL VALUE =      13,089.3                      LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     CWT             1940.12            1940.00        F                
 
 DESIGN-SPEC:  MITA                       
 ------------------ 
 
   SAMPLED VARIABLES: 
     MITA     : SENTENCE=RESULTS VARIABLE=MITA IN UOS BLOCK $HTX1HTR     
 
   SPECIFICATION: 
     MAKE MITA APPROACH 50.0000   
     WITHIN          0.0100000                                 
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                          BOILER WITH STEAM TURBINE                              
                               FLOWSHEET SECTION                                 
 
 DESIGN-SPEC:  MITA (CONTINUED)                       
 
   MANIPULATED VARIABLES: 
     VARY     : SENTENCE=PARM VARIABLE=TEMP IN UOS BLOCK $HTX1H01    
     LOWER LIMIT =         100.000                    F                
     UPPER LIMIT =       4,000.00                     F                
     FINAL VALUE =         220.588                    F                
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     MITA            50.0000            50.0000        F                
 
 DESIGN-SPEC:  TURBPOW                    
 --------------------- 
 
   SAMPLED VARIABLES: 
     TURBPOW  : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK STEAMTUR     
     COMPRESP : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK COMPRESS     
     PUMPP    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK PUMP     
 
   SPECIFICATION: 
     MAKE TURBPOW APPROACH -53640-COMPRESP-PUMPP  
     WITHIN          1.00000                                   
 
   MANIPULATED VARIABLES: 
     VARY     : TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
     LOWER LIMIT =       1,000.00                     LBMOL/HR         
     UPPER LIMIT =       3,500.00                     LBMOL/HR         
     FINAL VALUE =       1,337.90                     LBMOL/HR         
 
   VALUES OF ACCESSED FORTRAN VARIABLES: 
     VARIABLE      VALUE AT START      FINAL VALUE     UNITS 
                      OF LOOP                                
     --------      --------------      -----------     ----- 
     TURBPOW        -61267.6           -61267.6        HP               
     COMPRESP        7443.69            7443.69        HP               
     PUMPP           184.120            184.120        HP               
 
 CALCULATOR BLOCK:   MITA2                
 ------------------------- 
 
   SAMPLED VARIABLES: 
     MITA     : SENTENCE=RESULTS VARIABLE=MITA IN UOS BLOCK $HTX1HTR     
     MTA      : PARAMETER 1  
 
   FORTRAN STATEMENTS: 
         MTA=MITA   
 
   READ VARIABLES:  MITA     
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                          BOILER WITH STEAM TURBINE                              
                               FLOWSHEET SECTION                                 
 
 CALCULATOR BLOCK:   MITA2 (CONTINUED)                
 
   WRITE VARIABLES: MTA      
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     MITA             50.0000                         F                
     MTA              0.00000          50.0000                         
 
 CALCULATOR BLOCK:   QNET                 
 ------------------------ 
 
   SAMPLED VARIABLES: 
     QTURB    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK STEAMTUR     
     QCOMP    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK COMPRESS     
     QNET     : PARAMETER 1  
     QPUMP    : SENTENCE=RESULTS VARIABLE=NET-WORK IN UOS BLOCK PUMP     
 
   FORTRAN STATEMENTS: 
          QNET=-1*(QTURB+QCOMP)*.0007457    
 
   WRITE VARIABLES: QNET     
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     QTURB           -61267.6                         HP               
     QCOMP            7443.69                         HP               
     QNET             50.0000          40.1365                         
     QPUMP            184.120                         HP               
 
 CONVERGENCE BLOCK:  $OLVER01             
 ---------------------------- 
     Tear Stream  :  CWIN 
     Tolerance used:  0.100D-03  
     Trace molefrac:  0.100D-05  
 
     MAXIT=   30 WAIT   1 ITERATIONS BEFORE ACCELERATING 
     QMAX =   0.0     QMIN =  -5.0     
     METHOD: WEGSTEIN      STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:     3 
 
                          *** FINAL VALUES *** 
 
VAR#  TEAR STREAM VAR  STREAM   SUBSTREA COMPONEN ATTRIBUT ELEMENT      UNIT         VALUE       PREV VALUE       ERR/TOL 
----  ---------------  -------- -------- -------- -------- -------- ----------- ------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   CWIN     MIXED                               LBMOL/HR     1.3089+04      1.3089+04         0.3724       
   2  MOLE-FLOW        CWIN     MIXED    METHANE                    LBMOL/HR        0.0            0.0            0.0          
   3  MOLE-FLOW        CWIN     MIXED    WATER                      LBMOL/HR     1.3089+04      1.3089+04         0.3724       
   4  MOLE-FLOW        CWIN     MIXED    CARBO-01                   LBMOL/HR        0.0            0.0            0.0          
   5  MOLE-FLOW        CWIN     MIXED    NITROGEN                   LBMOL/HR        0.0            0.0            0.0          
   6  MOLE-FLOW        CWIN     MIXED    OXYGEN                     LBMOL/HR        0.0            0.0            0.0          
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                               FLOWSHEET SECTION                                 
 
 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
   7  MOLE-FLOW        CWIN     MIXED    ARGON                      LBMOL/HR        0.0            0.0            0.0          
   8  MOLE-FLOW        CWIN     MIXED    NO                         LBMOL/HR        0.0            0.0            0.0          
   9  MOLE-FLOW        CWIN     MIXED    NO2                        LBMOL/HR        0.0            0.0            0.0          
  10  MOLE-FLOW        CWIN     MIXED    CO                         LBMOL/HR        0.0            0.0            0.0          
  11  MOLE-FLOW        CWIN     MIXED    ETHAN-01                   LBMOL/HR        0.0            0.0            0.0          
  12  PRESSURE         CWIN     MIXED                               PSIA            6.0000         6.0000         0.0          
  13  MASS ENTHALPY    CWIN     MIXED                               BTU/LB      -6766.0247     -6766.0247         0.0          
 
                          *** ITERATION HISTORY ***  
 
     TEAR STREAMS AND TEAR VARIABLES:  
 
     ITERATION   MAX-ERR/TOL   STREAM ID      VARIABLE         SUBSTREA COMPONEN ATTRIBUT ELEMENT 
     ---------   -----------   ---------      ---------------- -------- -------- -------- ------- 
          1      -5295.        CWIN           TOTAL MOLEFLOW   MIXED                               
          2      -64.34        CWIN           TOTAL MOLEFLOW   MIXED                               
          3      0.3724        CWIN           TOTAL MOLEFLOW   MIXED                               
 
 CONVERGENCE BLOCK:  $OLVER02             
 ---------------------------- 
     SPECS: AIREXCES 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    69 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     1 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   AIRFLOW.MIXED                                LBMOL/HR     1.3374+04      1.3374+04         0.5304       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: AIREXCES                                                                                  
     ITERATED:  TOTAL MOLEFLOW IN STREAM AIRFLOW SUBSTREAM MIXED     
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1     0.1337E+05       0.5304         0.5304     
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 CONVERGENCE BLOCK:  $OLVER03             
 ---------------------------- 
     SPECS: CW 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:   107 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     2 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  TOTAL MOLEFLOW   CWIN.MIXED                                   LBMOL/HR     
1.3089+04      1.3089+04      8.8169-03       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: CW                                                                                        
     ITERATED:  TOTAL MOLEFLOW IN STREAM CWIN SUBSTREAM MIXED    
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1     0.1309E+05       0.1197          119.7     
          2     0.1309E+05       0.8817E-05     0.8817E-02 
 
 CONVERGENCE BLOCK:  $OLVER04             
 ---------------------------- 
     SPECS: MITA 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    51 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     1 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  BLOCK-VAR        $HTX1H01.PARM.TEMP                           F             
220.5879       220.5879     -5.8975-11       
 
                          *** ITERATION HISTORY ***  
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                          BOILER WITH STEAM TURBINE                              
                               FLOWSHEET SECTION                                 
 
 CONVERGENCE BLOCK:  $OLVER04 (CONTINUED)             
 
     DESIGN-SPEC ID: MITA                                                                                      
     ITERATED:  SENTENCE=PARM VARIABLE=TEMP IN UOS BLOCK $HTX1H01    
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      220.6          -0.5898E-12    -0.5898E-10 
 
 CONVERGENCE BLOCK:  $OLVER05             
 ---------------------------- 
     SPECS: TURBPOW 
     MAXIT=   30 STEP-SIZE=    1.0000    % OF RANGE 
                 MAX-STEP=       100.    % OF RANGE 
                 XTOL=       1.000000E-08 
     THE NEW ALGORITHM WAS USED WITH BRACKETING=NO       
     METHOD: SECANT        STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    27 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     1 
 
                          *** FINAL VALUES *** 
 
 
VAR#  MANIPUL/TEAR-VAR VARIABLE DESCRIPTION                              UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------- -------------------------                    ----------- ---------
---   ------------   ------------ 
   1  TOTAL MOLEFLOW   FUEL.MIXED                                   LBMOL/HR     
1337.9031      1337.9031         0.2571       
 
                          *** ITERATION HISTORY ***  
 
     DESIGN-SPEC ID: TURBPOW                                                                                   
     ITERATED:  TOTAL MOLEFLOW IN STREAM FUEL SUBSTREAM MIXED    
 
     ITERATION  VARIABLE         ERROR          ERR/TOL  
     ---------  --------         -----          -------  
          1      1338.           0.2571         0.2571     
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 COMPUTATIONAL SEQUENCE                   
 ---------------------- 
 
 SEQUENCE USED WAS: 
    WATERU ELEC                                                             
    $OLVER01                                                                
    |  $OLVER05                                                             
    |  |  $OLVER02                                                          
    |  |  (RETURN $OLVER02)                                                 
    |  |  COMPRESS VALVE COMBUST                                            
    |  |  $OLVER04 $HTX1H01                                                 
    |  |  |  $OLVER03 PUMP VALVE2 $HTX1HTR                                  
    |  |  |  (RETURN $OLVER03)                                              
    |  |  (RETURN $OLVER04)                                                 
    |  |  STEAMTUR                                                          
    |  (RETURN $OLVER05)                                                    
    |  CONDENSE                                                             
    (RETURN $OLVER01)                                                       
    MITA2 QNET                                                              
 
 OVERALL FLOWSHEET BALANCE                
 ------------------------- 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   CONVENTIONAL COMPONENTS   
           (LBMOL/HR) 
      METHANE             1271.01      0.120388E-11  -1271.01       0.00000     
      WATER               0.00000       2742.70       2742.70       0.00000     
      CARBO-01            4.41333       1242.73       1238.32       0.00000     
      NITROGEN            10442.2       10422.3      -19.9496      0.374249E-16 
      OXYGEN              2801.39       88.5323      -2712.86       0.00000     
      ARGON               125.713       125.713     -0.357965E-12 -0.214255E-16 
      NO                  0.00000       39.8913       39.8913       0.00000     
      NO2                 0.00000      0.787650E-02  0.787650E-02   0.00000     
      CO                  0.00000       166.480       166.480       0.00000     
      ETHAN-01            66.8952      0.625165E-27  -66.8952       0.00000     
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         14711.6       14828.3       116.684       0.00000     
   MASS(LB/HR   )         409782.       409782.                    0.710227E-15 
   ENTHALPY(BTU/HR  )   -0.446250E+08 -0.486169E+09                0.908211     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             509956.      LB/HR            
    PRODUCT STREAMS CO2E          54692.3      LB/HR            
    NET STREAMS CO2E PRODUCTION  -455264.      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        -455264.      LB/HR            
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 COMPONENTS                               
 ---------- 
 
  ID       TYPE  ALIAS          NAME 
   METHANE  C     CH4            METHANE                          
   WATER    C     H2O            WATER                            
   CARBO-01 C     CO2            CARBON-DIOXIDE                   
   NITROGEN C     N2             NITROGEN                         
   OXYGEN   C     O2             OXYGEN                           
   ARGON    C     AR             ARGON                            
   NO       C     NO             NITRIC-OXIDE                     
   NO2      C     NO2            NITROGEN-DIOXIDE                 
   CO       C     CO             CARBON-MONOXIDE                  
   ETHAN-01 C     C2H6           ETHANE                           
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 BLOCK:  HTX1     MODEL: MHEATX           
 ------------------------------ 
 
   HOT SIDE:    INLET STREAM     OUTLET STREAM 
                ------------     ------------- 
                GAS              COOLGAS  
 
   COLD SIDE:   INLET STREAM     OUTLET STREAM 
                ------------     ------------- 
                PRESCW           CWOUT    
 
   PROPERTIES FOR STREAM GAS      
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
   PROPERTIES FOR STREAM PRESCW   
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            27917.6         27917.6         0.00000     
       MASS(LB/HR   )            645590.         645590.         0.00000     
       ENTHALPY(BTU/HR  )      -0.162070E+10   -0.162070E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             54692.3      LB/HR            
    PRODUCT STREAMS CO2E          54692.3      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
 
   SPECIFICATIONS FOR STREAM GAS     : 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       220.588       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   SPECIFICATIONS FOR STREAM PRESCW  : 
   TWO    PHASE      FLASH 
   PRESSURE DROP                        PSI                       8.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
                          ***  RESULTS  *** 
 
  INLET                  OUTLET       OUTLETOUTLET 
  STREAM    DUTY         TEMPERATURE  PRESSURE     VAPOR FRAC 
            BTU/HR       F            PSIA     
 
  GAS       -0.46048E+09    220.59      14.700         1.0000 
  PRESCW     0.46048E+09   1940.00      520.00         1.0000 
 
 
           ------------------------------------------ 
           |                                        | 
  GAS      |                                        | COOLGAS  
 --------->|          14828.     LBMOL/HR           |---------> 
   3694.07 |                                        |   220.59 
           |                                        | 
  CWOUT    |                                        | PRESCW   
<---------|          13089.     LBMOL/HR           |<--------- 
   1940.00 |                                        |   170.59 
           |                                        | 
           ------------------------------------------ 
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 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
                          ***  INTERNAL ANALYSIS  *** 
 
  FLOW IS COUNTERCURRENT. 
  DUTY                             0.46048E+09 BTU/HR       
  UA                               0.72654E+06 BTU/HR-R     
  AVERAGE LMTD (DUTY/UA)            633.81     F    
  MIN TEMP APPROACH                 50.000     F    
  HOT-SIDE TEMP APPROACH            1754.1     F    
  COLD-SIDE TEMP APPROACH           50.000     F    
  HOT-SIDE NTU                      5.4803     
  COLD-SIDE NTU                     2.7917     
 
  TQ-TABLE(S) INTERPOLATED FOR AT LEAST ONE STREAM DURING INTERNAL ZONE ANALYSIS. 
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
   0.000        220.59    170.59     50.00                                                GBL                  
  0.9210E+06    228.92    174.18     54.74     52.33  0.1760E+05  0.9210E+06  0.1760E+05                       
  0.1842E+07    237.25    177.77     59.47     57.07  0.1614E+05  0.9210E+06  0.3374E+05                       
  0.2763E+07    245.58    181.36     64.21     61.81  0.1490E+05  0.9210E+06  0.4863E+05                       
  0.3684E+07    253.91    184.95     68.96     66.56  0.1384E+05  0.9210E+06  0.6247E+05                       
  0.4605E+07    262.24    188.53     73.70     71.31  0.1292E+05  0.9210E+06  0.7539E+05                       
  0.5526E+07    270.57    192.11     78.45     76.05  0.1211E+05  0.9210E+06  0.8750E+05                       
  0.6447E+07    278.90    195.69     83.21     80.81  0.1140E+05  0.9210E+06  0.9889E+05                       
  0.7368E+07    287.23    199.27     87.96     85.56  0.1076E+05  0.9210E+06  0.1097E+06                       
  0.8289E+07    295.56    202.84     92.72     90.32  0.1020E+05  0.9210E+06  0.1199E+06                       
  0.9210E+07    303.89    206.41     97.48     95.08   9686.      0.9210E+06  0.1295E+06                       
  0.1013E+08    312.15    209.97    102.18     99.81   9227.      0.9210E+06  0.1388E+06                       
  0.1105E+08    320.41    213.53    106.87    104.51   8812.      0.9210E+06  0.1476E+06                       
  0.1197E+08    328.66    217.09    111.57    109.20   8433.      0.9210E+06  0.1560E+06                       
  0.1289E+08    336.91    220.64    116.27    113.90   8086.      0.9210E+06  0.1641E+06                       
  0.1381E+08    345.16    224.19    120.97    118.60   7765.      0.9210E+06  0.1719E+06                       
  0.1474E+08    353.42    227.74    125.68    123.31   7469.      0.9210E+06  0.1793E+06                       
  0.1566E+08    361.67    231.28    130.39    128.02   7194.      0.9210E+06  0.1865E+06                       
  0.1658E+08    369.92    234.82    135.10    132.73   6939.      0.9210E+06  0.1935E+06                       
  0.1750E+08    378.17    238.35    139.82    137.45   6701.      0.9210E+06  0.2002E+06                       
  0.1842E+08    386.42    241.88    144.54    142.17   6478.      0.9210E+06  0.2066E+06                       
  0.1934E+08    394.63    245.41    149.22    146.87   6271.      0.9210E+06  0.2129E+06                       
  0.2026E+08    402.80    248.93    153.87    151.53   6078.      0.9210E+06  0.2190E+06                       
  0.2118E+08    410.97    252.44    158.52    156.18   5897.      0.9210E+06  0.2249E+06                       
  0.2210E+08    419.13    255.95    163.18    160.84   5726.      0.9210E+06  0.2306E+06                       
  0.2302E+08    427.30    259.46    167.85    165.50   5565.      0.9210E+06  0.2362E+06                       
  0.2395E+08    435.47    262.96    172.52    170.17   5412.      0.9210E+06  0.2416E+06                       
  0.2487E+08    443.64    266.45    177.19    174.84   5267.      0.9210E+06  0.2469E+06                       
  0.2579E+08    451.81    269.94    181.87    179.52   5130.      0.9210E+06  0.2520E+06                       
  0.2671E+08    459.98    273.43    186.55    184.20   5000.      0.9210E+06  0.2570E+06                       
  0.2763E+08    468.15    276.90    191.24    188.89   4876.      0.9210E+06  0.2619E+06                       
  0.2855E+08    476.28    280.38    195.91    193.57   4758.      0.9210E+06  0.2666E+06                       
  0.2947E+08    484.37    283.84    200.52    198.21   4647.      0.9210E+06  0.2713E+06                       
  0.3039E+08    492.45    287.30    205.14    202.82   4541.      0.9210E+06  0.2758E+06                       
  0.3131E+08    500.53    290.76    209.77    207.45   4440.      0.9210E+06  0.2803E+06                       
  0.3223E+08    508.61    294.21    214.40    212.08   4343.      0.9210E+06  0.2846E+06                       
  0.3315E+08    516.69    297.65    219.04    216.71   4250.      0.9210E+06  0.2888E+06                       
  0.3408E+08    524.77    301.09    223.69    221.36   4161.      0.9210E+06  0.2930E+06                       
  0.3500E+08    532.85    304.52    228.34    226.00   4075.      0.9210E+06  0.2971E+06                       
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  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.3592E+08    540.94    307.94    233.00    230.66   3993.      0.9210E+06  0.3011E+06                       
  0.3684E+08    549.02    311.35    237.66    235.32   3914.      0.9210E+06  0.3050E+06                       
  0.3776E+08    557.08    314.76    242.32    239.98   3838.      0.9210E+06  0.3088E+06                       
  0.3868E+08    565.07    318.17    246.91    244.61   3765.      0.9210E+06  0.3126E+06                       
  0.3960E+08    573.06    321.56    251.50    249.20   3696.      0.9210E+06  0.3163E+06                       
  0.4052E+08    581.06    324.95    256.11    253.80   3629.      0.9210E+06  0.3199E+06                       
  0.4144E+08    589.05    328.33    260.72    258.41   3564.      0.9210E+06  0.3235E+06                       
  0.4236E+08    597.04    331.70    265.34    263.02   3501.      0.9210E+06  0.3270E+06                       
  0.4329E+08    605.03    335.06    269.96    267.64   3441.      0.9210E+06  0.3304E+06                       
  0.4421E+08    613.02    338.42    274.60    272.28   3382.      0.9210E+06  0.3338E+06                       
  0.4513E+08    621.01    341.77    279.24    276.91   3326.      0.9210E+06  0.3371E+06                       
  0.4605E+08    629.00    345.11    283.89    281.56   3271.      0.9210E+06  0.3404E+06                       
  0.4697E+08    636.99    348.44    288.55    286.21   3218.      0.9210E+06  0.3436E+06                       
  0.4789E+08    644.89    351.77    293.13    290.83   3167.      0.9210E+06  0.3468E+06                       
  0.4881E+08    652.79    355.08    297.71    295.41   3118.      0.9210E+06  0.3499E+06                       
  0.4973E+08    660.69    358.39    302.31    300.00   3070.      0.9210E+06  0.3530E+06                       
  0.5065E+08    668.59    361.69    306.91    304.60   3024.      0.9210E+06  0.3560E+06                       
  0.5157E+08    676.49    364.98    311.52    309.21   2978.      0.9210E+06  0.3590E+06                       
  0.5250E+08    684.39    368.26    316.14    313.82   2935.      0.9210E+06  0.3619E+06                       
  0.5342E+08    692.29    371.53    320.77    318.45   2892.      0.9210E+06  0.3648E+06                       
  0.5434E+08    700.19    374.79    325.40    323.08   2851.      0.9210E+06  0.3676E+06                       
  0.5526E+08    708.09    378.04    330.05    327.72   2810.      0.9210E+06  0.3705E+06                       
  0.5618E+08    715.99    381.28    334.71    332.37   2771.      0.9210E+06  0.3732E+06                       
  0.5710E+08    723.82    384.51    339.31    337.00   2733.      0.9210E+06  0.3760E+06                       
  0.5802E+08    731.63    387.74    343.89    341.59   2696.      0.9210E+06  0.3787E+06                       
  0.5894E+08    739.44    390.95    348.49    346.19   2660.      0.9210E+06  0.3813E+06                       
  0.5986E+08    747.25    394.15    353.10    350.79   2625.      0.9210E+06  0.3839E+06                       
  0.6078E+08    755.06    397.34    357.71    355.40   2591.      0.9210E+06  0.3865E+06                       
  0.6170E+08    762.87    400.53    362.34    360.02   2558.      0.9210E+06  0.3891E+06                       
  0.6263E+08    770.67    403.70    366.98    364.65   2526.      0.9210E+06  0.3916E+06                       
  0.6355E+08    778.48    406.86    371.63    369.30   2494.      0.9210E+06  0.3941E+06                       
  0.6447E+08    786.29    410.00    376.29    373.95   2463.      0.9210E+06  0.3966E+06                       
  0.6539E+08    794.10    413.14    380.96    378.62   2432.      0.9210E+06  0.3990E+06                       
  0.6631E+08    801.86    416.27    385.59    383.27   2403.      0.9210E+06  0.4014E+06                       
  0.6723E+08    809.58    419.38    390.20    387.89   2374.      0.9210E+06  0.4038E+06                       
  0.6815E+08    817.30    422.49    394.81    392.50   2346.      0.9210E+06  0.4061E+06                       
  0.6907E+08    825.02    425.58    399.44    397.12   2319.      0.9210E+06  0.4085E+06                       
  0.6999E+08    832.74    428.66    404.08    401.76   2292.      0.9210E+06  0.4107E+06                       
  0.7091E+08    840.46    431.72    408.74    406.41   2266.      0.9210E+06  0.4130E+06                       
  0.7184E+08    848.18    434.78    413.40    411.06   2240.      0.9210E+06  0.4153E+06                       
  0.7276E+08    855.90    437.82    418.08    415.74   2215.      0.9210E+06  0.4175E+06                       
  0.7368E+08    863.62    440.85    422.77    420.42   2191.      0.9210E+06  0.4197E+06                       
  0.7460E+08    871.34    443.87    427.47    425.12   2166.      0.9210E+06  0.4218E+06                       
  0.7552E+08    879.03    446.87    432.16    429.81   2143.      0.9210E+06  0.4240E+06                       
  0.7644E+08    886.66    449.86    436.80    434.48   2120.      0.9210E+06  0.4261E+06                       
  0.7736E+08    894.30    452.84    441.46    439.13   2097.      0.9210E+06  0.4282E+06                       
  0.7828E+08    901.93    455.80    446.13    443.79   2075.      0.9210E+06  0.4303E+06                       
  0.7920E+08    909.57    458.75    450.82    448.47   2054.      0.9210E+06  0.4323E+06                       
  0.8012E+08    917.20    461.68    455.52    453.16   2032.      0.9210E+06  0.4343E+06                       
  0.8105E+08    924.83    464.60    460.23    457.87   2011.      0.9210E+06  0.4364E+06                       
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  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.8197E+08    932.47    467.51    464.96    462.59   1991.      0.9210E+06  0.4383E+06                       
  0.8289E+08    940.10    470.40    469.70    467.33   1971.      0.9210E+06  0.4403E+06                       
  0.8333E+08    943.75    471.78    471.98    470.84   935.5      0.4405E+06  0.4413E+06         BP  PRESCW    
  0.8381E+08    947.74    471.78    475.96    473.97   1014.      0.4805E+06  0.4423E+06                       
  0.8473E+08    955.36    471.77    483.58    479.76   1920.      0.9210E+06  0.4442E+06                       
  0.8565E+08    962.91    471.77    491.14    487.35   1890.      0.9210E+06  0.4461E+06                       
  0.8657E+08    970.46    471.77    498.69    494.91   1861.      0.9210E+06  0.4479E+06                       
  0.8749E+08    978.01    471.76    506.25    502.46   1833.      0.9210E+06  0.4498E+06                       
  0.8841E+08    985.56    471.76    513.80    510.02   1806.      0.9210E+06  0.4516E+06                       
  0.8933E+08    993.12    471.76    521.36    517.57   1779.      0.9210E+06  0.4534E+06                       
  0.9025E+08   1000.67    471.75    528.91    525.13   1754.      0.9210E+06  0.4551E+06                       
  0.9118E+08   1008.22    471.75    536.47    532.68   1729.      0.9210E+06  0.4568E+06                       
  0.9210E+08   1015.77    471.75    544.02    540.24   1705.      0.9210E+06  0.4585E+06                       
  0.9302E+08   1023.32    471.75    551.58    547.79   1681.      0.9210E+06  0.4602E+06                       
  0.9394E+08   1030.87    471.74    559.13    555.35   1658.      0.9210E+06  0.4619E+06                       
  0.9486E+08   1038.35    471.74    566.61    562.86   1636.      0.9210E+06  0.4635E+06                       
  0.9578E+08   1045.82    471.74    574.09    570.34   1615.      0.9210E+06  0.4651E+06                       
  0.9670E+08   1053.30    471.73    581.56    577.82   1594.      0.9210E+06  0.4667E+06                       
  0.9762E+08   1060.77    471.73    589.04    585.29   1574.      0.9210E+06  0.4683E+06                       
  0.9854E+08   1068.24    471.73    596.52    592.77   1554.      0.9210E+06  0.4699E+06                       
  0.9946E+08   1075.72    471.72    603.99    600.25   1534.      0.9210E+06  0.4714E+06                       
  0.1004E+09   1083.19    471.72    611.47    607.72   1515.      0.9210E+06  0.4729E+06                       
  0.1013E+09   1090.66    471.72    618.94    615.20   1497.      0.9210E+06  0.4744E+06                       
  0.1022E+09   1098.13    471.71    626.42    622.67   1479.      0.9210E+06  0.4759E+06                       
  0.1031E+09   1105.61    471.71    633.90    630.15   1462.      0.9210E+06  0.4773E+06                       
  0.1041E+09   1113.02    471.71    641.32    637.60   1444.      0.9210E+06  0.4788E+06                       
  0.1050E+09   1120.42    471.70    648.72    645.01   1428.      0.9210E+06  0.4802E+06                       
  0.1059E+09   1127.82    471.70    656.12    652.41   1412.      0.9210E+06  0.4816E+06                       
  0.1068E+09   1135.22    471.70    663.52    659.81   1396.      0.9210E+06  0.4830E+06                       
  0.1078E+09   1142.62    471.70    670.92    667.21   1380.      0.9210E+06  0.4844E+06                       
  0.1087E+09   1150.01    471.69    678.32    674.61   1365.      0.9210E+06  0.4858E+06                       
  0.1096E+09   1157.41    471.69    685.72    682.02   1350.      0.9210E+06  0.4871E+06                       
  0.1105E+09   1164.81    471.69    693.12    689.42   1336.      0.9210E+06  0.4885E+06                       
  0.1114E+09   1172.21    471.68    700.53    696.82   1322.      0.9210E+06  0.4898E+06                       
  0.1124E+09   1179.61    471.68    707.93    704.22   1308.      0.9210E+06  0.4911E+06                       
  0.1133E+09   1186.97    471.68    715.29    711.60   1294.      0.9210E+06  0.4924E+06                       
  0.1142E+09   1194.29    471.67    722.62    718.95   1281.      0.9210E+06  0.4937E+06                       
  0.1151E+09   1201.62    471.67    729.95    726.28   1268.      0.9210E+06  0.4949E+06                       
  0.1160E+09   1208.95    471.67    737.28    733.61   1255.      0.9210E+06  0.4962E+06                       
  0.1170E+09   1216.28    471.66    744.61    740.94   1243.      0.9210E+06  0.4974E+06                       
  0.1179E+09   1223.60    471.66    751.94    748.27   1231.      0.9210E+06  0.4987E+06                       
  0.1188E+09   1230.93    471.66    759.27    755.60   1219.      0.9210E+06  0.4999E+06                       
  0.1197E+09   1238.26    471.65    766.60    762.93   1207.      0.9210E+06  0.5011E+06                       
  0.1206E+09   1245.59    471.65    773.93    770.26   1196.      0.9210E+06  0.5023E+06                       
  0.1216E+09   1252.91    471.65    781.27    777.59   1184.      0.9210E+06  0.5035E+06                       
  0.1225E+09   1260.22    471.64    788.57    784.91   1173.      0.9210E+06  0.5046E+06                       
  0.1234E+09   1267.48    471.64    795.84    792.20   1163.      0.9210E+06  0.5058E+06                       
  0.1243E+09   1274.74    471.64    803.10    799.46   1152.      0.9210E+06  0.5069E+06                       
  0.1253E+09   1282.00    471.64    810.36    806.73   1142.      0.9210E+06  0.5081E+06                       
  0.1262E+09   1289.26    471.63    817.63    813.99   1131.      0.9210E+06  0.5092E+06                       
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  0.1271E+09   1296.52    471.63    824.89    821.25   1121.      0.9210E+06  0.5103E+06                       
  0.1280E+09   1303.78    471.63    832.16    828.52   1112.      0.9210E+06  0.5115E+06                       
  0.1289E+09   1311.04    471.62    839.42    835.78   1102.      0.9210E+06  0.5126E+06                       
  0.1299E+09   1318.30    471.62    846.68    843.05   1092.      0.9210E+06  0.5136E+06                       
  0.1308E+09   1325.56    471.62    853.95    850.31   1083.      0.9210E+06  0.5147E+06                       
  0.1317E+09   1332.82    471.61    861.20    857.57   1074.      0.9210E+06  0.5158E+06                       
  0.1326E+09   1340.01    471.61    868.40    864.80   1065.      0.9210E+06  0.5169E+06                       
  0.1335E+09   1347.21    471.61    875.60    872.00   1056.      0.9210E+06  0.5179E+06                       
  0.1345E+09   1354.41    471.60    882.81    879.20   1048.      0.9210E+06  0.5190E+06                       
  0.1354E+09   1361.61    471.60    890.01    886.40   1039.      0.9210E+06  0.5200E+06                       
  0.1363E+09   1368.81    471.60    897.21    893.60   1031.      0.9210E+06  0.5210E+06                       
  0.1372E+09   1376.00    471.59    904.41    900.80   1022.      0.9210E+06  0.5221E+06                       
  0.1381E+09   1383.20    471.59    911.61    908.00   1014.      0.9210E+06  0.5231E+06                       
  0.1391E+09   1390.40    471.59    918.81    915.21   1006.      0.9210E+06  0.5241E+06                       
  0.1400E+09   1397.60    471.59    926.01    922.41   998.4      0.9210E+06  0.5251E+06                       
  0.1409E+09   1404.79    471.58    933.21    929.61   990.7      0.9210E+06  0.5261E+06                       
  0.1418E+09   1411.94    471.58    940.36    936.78   983.1      0.9210E+06  0.5271E+06                       
  0.1428E+09   1419.08    471.58    947.50    943.92   975.7      0.9210E+06  0.5280E+06                       
  0.1437E+09   1426.21    471.57    954.64    951.07   968.4      0.9210E+06  0.5290E+06                       
  0.1446E+09   1433.35    471.57    961.78    958.21   961.1      0.9210E+06  0.5300E+06                       
  0.1455E+09   1440.49    471.57    968.93    965.35   954.0      0.9210E+06  0.5309E+06                       
  0.1464E+09   1447.63    471.56    976.07    972.49   947.0      0.9210E+06  0.5319E+06                       
  0.1474E+09   1454.77    471.56    983.21    979.63   940.1      0.9210E+06  0.5328E+06                       
  0.1483E+09   1461.91    471.56    990.35    986.78   933.3      0.9210E+06  0.5337E+06                       
  0.1492E+09   1469.05    471.55    997.49    993.92   926.6      0.9210E+06  0.5347E+06                       
  0.1501E+09   1476.19    471.55   1004.63   1001.06   920.0      0.9210E+06  0.5356E+06                       
  0.1510E+09   1483.28    471.55   1011.74   1008.18   913.5      0.9210E+06  0.5365E+06                       
  0.1520E+09   1490.37    471.54   1018.82   1015.27   907.1      0.9210E+06  0.5374E+06                       
  0.1529E+09   1497.45    471.54   1025.91   1022.36   900.8      0.9210E+06  0.5383E+06                       
  0.1538E+09   1504.53    471.54   1032.99   1029.45   894.6      0.9210E+06  0.5392E+06                       
  0.1547E+09   1511.62    471.53   1040.08   1036.53   888.5      0.9210E+06  0.5401E+06                       
  0.1556E+09   1518.70    471.53   1047.17   1043.62   882.5      0.9210E+06  0.5410E+06                       
  0.1566E+09   1525.78    471.53   1054.25   1050.71   876.5      0.9210E+06  0.5418E+06                       
  0.1575E+09   1532.86    471.53   1061.34   1057.79   870.7      0.9210E+06  0.5427E+06                       
  0.1584E+09   1539.95    471.52   1068.43   1064.88   864.9      0.9210E+06  0.5436E+06                       
  0.1593E+09   1547.03    471.52   1075.51   1071.96   859.1      0.9210E+06  0.5444E+06                       
  0.1602E+09   1554.09    471.52   1082.57   1079.04   853.5      0.9210E+06  0.5453E+06                       
  0.1612E+09   1561.12    471.51   1089.60   1086.08   848.0      0.9210E+06  0.5461E+06                       
  0.1621E+09   1568.15    471.51   1096.64   1093.12   842.5      0.9210E+06  0.5470E+06                       
  0.1630E+09   1575.18    471.51   1103.67   1100.15   837.1      0.9210E+06  0.5478E+06                       
  0.1639E+09   1582.21    471.50   1110.71   1107.18   831.8      0.9210E+06  0.5487E+06                       
  0.1649E+09   1589.24    471.50   1117.74   1114.22   826.6      0.9210E+06  0.5495E+06                       
  0.1658E+09   1596.27    471.50   1124.77   1121.25   821.4      0.9210E+06  0.5503E+06                       
  0.1667E+09   1603.30    471.49   1131.81   1128.29   816.3      0.9210E+06  0.5511E+06                       
  0.1676E+09   1610.33    471.49   1138.84   1135.32   811.2      0.9210E+06  0.5519E+06                       
  0.1685E+09   1617.36    471.49   1145.87   1142.35   806.2      0.9210E+06  0.5527E+06                       
  0.1695E+09   1624.38    471.48   1152.89   1149.38   801.3      0.9210E+06  0.5535E+06                       
  0.1704E+09   1631.36    471.48   1159.88   1156.38   796.4      0.9210E+06  0.5543E+06                       
  0.1713E+09   1638.34    471.48   1166.86   1163.37   791.6      0.9210E+06  0.5551E+06                       
  0.1722E+09   1645.32    471.48   1173.85   1170.35   786.9      0.9210E+06  0.5559E+06                       
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  0.1731E+09   1652.30    471.47   1180.83   1177.34   782.2      0.9210E+06  0.5567E+06                       
  0.1741E+09   1659.29    471.47   1187.82   1184.32   777.6      0.9210E+06  0.5575E+06                       
  0.1750E+09   1666.27    471.47   1194.80   1191.31   773.1      0.9210E+06  0.5582E+06                       
  0.1759E+09   1673.25    471.46   1201.79   1198.29   768.6      0.9210E+06  0.5590E+06                       
  0.1768E+09   1680.23    471.46   1208.77   1205.27   764.1      0.9210E+06  0.5598E+06                       
  0.1777E+09   1687.21    471.46   1215.76   1212.26   759.7      0.9210E+06  0.5605E+06                       
  0.1787E+09   1694.19    471.45   1222.73   1219.24   755.4      0.9210E+06  0.5613E+06                       
  0.1796E+09   1701.12    471.45   1229.67   1226.20   751.1      0.9210E+06  0.5620E+06                       
  0.1805E+09   1708.06    471.45   1236.61   1233.14   746.8      0.9210E+06  0.5628E+06                       
  0.1814E+09   1714.99    471.44   1243.55   1240.08   742.7      0.9210E+06  0.5635E+06                       
  0.1824E+09   1721.93    471.44   1250.49   1247.02   738.5      0.9210E+06  0.5643E+06                       
  0.1833E+09   1728.86    471.44   1257.43   1253.95   734.5      0.9210E+06  0.5650E+06                       
  0.1842E+09   1735.80    471.43   1264.37   1260.89   730.4      0.9210E+06  0.5657E+06                       
  0.1851E+09   1742.73    471.43   1271.30   1267.83   726.4      0.9210E+06  0.5665E+06                       
  0.1860E+09   1749.67    471.43   1278.24   1274.77   722.5      0.9210E+06  0.5672E+06                       
  0.1870E+09   1756.61    471.43   1285.18   1281.71   718.5      0.9210E+06  0.5679E+06                       
  0.1879E+09   1763.54    471.42   1292.12   1288.65   714.7      0.9210E+06  0.5686E+06                       
  0.1888E+09   1770.44    471.42   1299.02   1295.57   710.9      0.9210E+06  0.5693E+06                       
  0.1897E+09   1777.33    471.42   1305.91   1302.46   707.1      0.9210E+06  0.5700E+06                       
  0.1906E+09   1784.22    471.41   1312.81   1309.36   703.4      0.9210E+06  0.5707E+06                       
  0.1916E+09   1791.11    471.41   1319.70   1316.25   699.7      0.9210E+06  0.5714E+06                       
  0.1925E+09   1798.00    471.41   1326.60   1323.15   696.0      0.9210E+06  0.5721E+06                       
  0.1934E+09   1804.90    471.40   1333.49   1330.04   692.4      0.9210E+06  0.5728E+06                       
  0.1943E+09   1811.79    471.40   1340.39   1336.94   688.9      0.9210E+06  0.5735E+06                       
  0.1952E+09   1818.68    471.40   1347.28   1343.83   685.3      0.9210E+06  0.5742E+06                       
  0.1962E+09   1825.57    471.39   1354.18   1350.73   681.8      0.9210E+06  0.5749E+06                       
  0.1971E+09   1832.46    471.39   1361.07   1357.62   678.4      0.9210E+06  0.5756E+06                       
  0.1980E+09   1839.33    471.39   1367.94   1364.50   674.9      0.9210E+06  0.5762E+06                       
  0.1989E+09   1846.18    471.38   1374.79   1371.36   671.6      0.9210E+06  0.5769E+06                       
  0.1999E+09   1853.03    471.38   1381.65   1378.22   668.2      0.9210E+06  0.5776E+06                       
  0.2008E+09   1859.88    471.38   1388.50   1385.07   664.9      0.9210E+06  0.5782E+06                       
  0.2017E+09   1866.73    471.37   1395.35   1391.92   661.7      0.9210E+06  0.5789E+06                       
  0.2026E+09   1873.58    471.37   1402.21   1398.78   658.4      0.9210E+06  0.5796E+06                       
  0.2035E+09   1880.43    471.37   1409.06   1405.63   655.2      0.9210E+06  0.5802E+06                       
  0.2045E+09   1887.28    471.37   1415.92   1412.49   652.0      0.9210E+06  0.5809E+06                       
  0.2054E+09   1894.13    471.36   1422.77   1419.34   648.9      0.9210E+06  0.5815E+06                       
  0.2063E+09   1900.98    471.36   1429.62   1426.19   645.8      0.9210E+06  0.5822E+06                       
  0.2072E+09   1907.81    471.36   1436.46   1433.04   642.7      0.9210E+06  0.5828E+06                       
  0.2081E+09   1914.63    471.35   1443.27   1439.86   639.6      0.9210E+06  0.5834E+06                       
  0.2091E+09   1921.44    471.35   1450.09   1446.68   636.6      0.9210E+06  0.5841E+06                       
  0.2100E+09   1928.25    471.35   1456.91   1453.49   633.6      0.9210E+06  0.5847E+06                       
  0.2109E+09   1935.06    471.34   1463.72   1460.31   630.7      0.9210E+06  0.5853E+06                       
  0.2118E+09   1941.88    471.34   1470.54   1467.13   627.7      0.9210E+06  0.5860E+06                       
  0.2127E+09   1948.69    471.34   1477.35   1473.94   624.8      0.9210E+06  0.5866E+06                       
  0.2137E+09   1955.50    471.33   1484.17   1480.76   622.0      0.9210E+06  0.5872E+06                       
  0.2146E+09   1962.31    471.33   1490.98   1487.57   619.1      0.9210E+06  0.5878E+06                       
  0.2155E+09   1969.13    471.33   1497.80   1494.39   616.3      0.9210E+06  0.5885E+06                       
  0.2164E+09   1975.93    471.32   1504.60   1501.20   613.5      0.9210E+06  0.5891E+06                       
  0.2173E+09   1982.70    471.32   1511.38   1507.99   610.7      0.9210E+06  0.5897E+06                       
  0.2183E+09   1989.48    471.32   1518.16   1514.77   608.0      0.9210E+06  0.5903E+06                       
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  0.2192E+09   1996.26    471.31   1524.94   1521.55   605.3      0.9210E+06  0.5909E+06                       
  0.2201E+09   2003.03    471.31   1531.72   1528.33   602.6      0.9210E+06  0.5915E+06                       
  0.2210E+09   2009.81    471.31   1538.50   1535.11   599.9      0.9210E+06  0.5921E+06                       
  0.2220E+09   2016.58    471.31   1545.28   1541.89   597.3      0.9210E+06  0.5927E+06                       
  0.2229E+09   2023.36    471.30   1552.06   1548.66   594.7      0.9210E+06  0.5933E+06                       
  0.2238E+09   2030.14    471.30   1558.84   1555.44   592.1      0.9210E+06  0.5939E+06                       
  0.2247E+09   2036.91    471.30   1565.62   1562.22   589.5      0.9210E+06  0.5945E+06                       
  0.2256E+09   2043.68    471.29   1572.39   1569.00   587.0      0.9210E+06  0.5951E+06                       
  0.2266E+09   2050.43    471.29   1579.14   1575.76   584.5      0.9210E+06  0.5956E+06                       
  0.2275E+09   2057.17    471.29   1585.88   1582.51   582.0      0.9210E+06  0.5962E+06                       
  0.2284E+09   2063.91    471.28   1592.63   1589.25   579.5      0.9210E+06  0.5968E+06                       
  0.2293E+09   2070.65    471.28   1599.37   1596.00   577.0      0.9210E+06  0.5974E+06                       
  0.2302E+09   2077.39    471.28   1606.12   1602.74   574.6      0.9210E+06  0.5980E+06                       
  0.2312E+09   2084.13    471.27   1612.86   1609.49   572.2      0.9210E+06  0.5985E+06                       
  0.2321E+09   2090.88    471.27   1619.60   1616.23   569.8      0.9210E+06  0.5991E+06                       
  0.2330E+09   2097.62    471.27   1626.35   1622.97   567.5      0.9210E+06  0.5997E+06                       
  0.2339E+09   2104.36    471.26   1633.09   1629.72   565.1      0.9210E+06  0.6002E+06                       
  0.2348E+09   2111.10    471.26   1639.84   1636.46   562.8      0.9210E+06  0.6008E+06                       
  0.2358E+09   2117.81    471.26   1646.56   1643.20   560.5      0.9210E+06  0.6014E+06                       
  0.2367E+09   2124.52    471.26   1653.27   1649.91   558.2      0.9210E+06  0.6019E+06                       
  0.2376E+09   2131.23    471.25   1659.98   1656.62   555.9      0.9210E+06  0.6025E+06                       
  0.2385E+09   2137.94    471.25   1666.69   1663.33   553.7      0.9210E+06  0.6030E+06                       
  0.2395E+09   2144.65    471.25   1673.41   1670.05   551.5      0.9210E+06  0.6036E+06                       
  0.2404E+09   2151.36    471.24   1680.12   1676.76   549.3      0.9210E+06  0.6041E+06                       
  0.2413E+09   2158.07    471.24   1686.83   1683.47   547.1      0.9210E+06  0.6047E+06                       
  0.2422E+09   2164.78    471.24   1693.54   1690.18   544.9      0.9210E+06  0.6052E+06                       
  0.2431E+09   2171.49    471.23   1700.26   1696.90   542.7      0.9210E+06  0.6058E+06                       
  0.2441E+09   2178.20    471.23   1706.97   1703.61   540.6      0.9210E+06  0.6063E+06                       
  0.2450E+09   2184.89    471.23   1713.66   1710.31   538.5      0.9210E+06  0.6068E+06                       
  0.2459E+09   2191.57    471.22   1720.34   1717.00   536.4      0.9210E+06  0.6074E+06                       
  0.2468E+09   2198.24    471.22   1727.02   1723.68   534.3      0.9210E+06  0.6079E+06                       
  0.2477E+09   2204.92    471.22   1733.71   1730.36   532.2      0.9210E+06  0.6084E+06                       
  0.2487E+09   2211.60    471.21   1740.39   1737.04   530.2      0.9210E+06  0.6090E+06                       
  0.2496E+09   2218.28    471.21   1747.07   1743.73   528.2      0.9210E+06  0.6095E+06                       
  0.2505E+09   2224.96    471.21   1753.75   1750.41   526.1      0.9210E+06  0.6100E+06                       
  0.2514E+09   2231.64    471.20   1760.43   1757.09   524.1      0.9210E+06  0.6105E+06                       
  0.2523E+09   2238.32    471.20   1767.12   1763.77   522.2      0.9210E+06  0.6111E+06                       
  0.2533E+09   2245.00    471.20   1773.80   1770.45   520.2      0.9210E+06  0.6116E+06                       
  0.2542E+09   2251.66    471.20   1780.47   1777.13   518.2      0.9210E+06  0.6121E+06                       
  0.2551E+09   2258.31    471.19   1787.12   1783.79   516.3      0.9210E+06  0.6126E+06                       
  0.2560E+09   2264.96    471.19   1793.77   1790.44   514.4      0.9210E+06  0.6131E+06                       
  0.2570E+09   2271.61    471.19   1800.42   1797.10   512.5      0.9210E+06  0.6137E+06                       
  0.2579E+09   2278.26    471.18   1807.08   1803.75   510.6      0.9210E+06  0.6142E+06                       
  0.2588E+09   2284.91    471.18   1813.73   1810.40   508.7      0.9210E+06  0.6147E+06                       
  0.2597E+09   2291.56    471.18   1820.38   1817.06   506.8      0.9210E+06  0.6152E+06                       
  0.2606E+09   2298.21    471.17   1827.04   1823.71   505.0      0.9210E+06  0.6157E+06                       
  0.2616E+09   2304.86    471.17   1833.69   1830.36   503.2      0.9210E+06  0.6162E+06                       
  0.2625E+09   2311.51    471.17   1840.34   1837.01   501.3      0.9210E+06  0.6167E+06                       
  0.2634E+09   2318.15    471.16   1846.99   1843.66   499.5      0.9210E+06  0.6172E+06                       
  0.2643E+09   2324.77    471.16   1853.61   1850.30   497.7      0.9210E+06  0.6177E+06                       
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  0.2652E+09   2331.40    471.16   1860.24   1856.92   496.0      0.9210E+06  0.6182E+06                       
  0.2662E+09   2338.02    471.15   1866.87   1863.55   494.2      0.9210E+06  0.6187E+06                       
  0.2666E+09   2341.50    471.15   1870.35   1868.61   259.3      0.4844E+06  0.6189E+06         DP  PRESCW    
  0.2671E+09   2344.64    474.44   1870.20   1870.27   233.4      0.4365E+06  0.6192E+06                       
  0.2680E+09   2351.26    481.40   1869.86   1870.03   492.5      0.9210E+06  0.6197E+06                       
  0.2689E+09   2357.89    488.39   1869.50   1869.68   492.6      0.9210E+06  0.6202E+06                       
  0.2698E+09   2364.51    495.39   1869.12   1869.31   492.7      0.9210E+06  0.6206E+06                       
  0.2708E+09   2371.13    502.42   1868.71   1868.91   492.8      0.9210E+06  0.6211E+06                       
  0.2717E+09   2377.76    509.47   1868.28   1868.50   492.9      0.9210E+06  0.6216E+06                       
  0.2726E+09   2384.38    516.54   1867.83   1868.06   493.0      0.9210E+06  0.6221E+06                       
  0.2735E+09   2390.97    523.63   1867.34   1867.59   493.1      0.9210E+06  0.6226E+06                       
  0.2744E+09   2397.57    530.74   1866.83   1867.09   493.3      0.9210E+06  0.6231E+06                       
  0.2754E+09   2404.17    537.86   1866.30   1866.57   493.4      0.9210E+06  0.6236E+06                       
  0.2763E+09   2410.76    545.00   1865.76   1866.03   493.5      0.9210E+06  0.6241E+06                       
  0.2772E+09   2417.36    552.15   1865.20   1865.48   493.7      0.9210E+06  0.6246E+06                       
  0.2781E+09   2423.96    559.32   1864.63   1864.92   493.8      0.9210E+06  0.6251E+06                       
  0.2791E+09   2430.55    566.50   1864.05   1864.34   494.0      0.9210E+06  0.6256E+06                       
  0.2800E+09   2437.15    573.70   1863.45   1863.75   494.1      0.9210E+06  0.6261E+06                       
  0.2809E+09   2443.75    580.90   1862.84   1863.15   494.3      0.9210E+06  0.6266E+06                       
  0.2818E+09   2450.34    588.12   1862.22   1862.53   494.5      0.9210E+06  0.6271E+06                       
  0.2827E+09   2456.92    595.35   1861.57   1861.90   494.6      0.9210E+06  0.6276E+06                       
  0.2837E+09   2463.49    602.59   1860.90   1861.24   494.8      0.9210E+06  0.6281E+06                       
  0.2846E+09   2470.06    609.83   1860.23   1860.57   495.0      0.9210E+06  0.6285E+06                       
  0.2855E+09   2476.63    617.09   1859.55   1859.89   495.2      0.9210E+06  0.6290E+06                       
  0.2864E+09   2483.21    624.35   1858.86   1859.20   495.4      0.9210E+06  0.6295E+06                       
  0.2873E+09   2489.78    631.62   1858.16   1858.51   495.5      0.9210E+06  0.6300E+06                       
  0.2883E+09   2496.35    638.90   1857.45   1857.81   495.7      0.9210E+06  0.6305E+06                       
  0.2892E+09   2502.92    646.18   1856.74   1857.10   495.9      0.9210E+06  0.6310E+06                       
  0.2901E+09   2509.50    653.47   1856.03   1856.39   496.1      0.9210E+06  0.6315E+06                       
  0.2910E+09   2516.07    660.76   1855.30   1855.67   496.3      0.9210E+06  0.6320E+06                       
  0.2919E+09   2522.62    668.06   1854.56   1854.93   496.5      0.9210E+06  0.6325E+06                       
  0.2929E+09   2529.17    675.37   1853.81   1854.18   496.7      0.9210E+06  0.6330E+06                       
  0.2938E+09   2535.72    682.68   1853.05   1853.43   496.9      0.9210E+06  0.6335E+06                       
  0.2947E+09   2542.27    689.99   1852.28   1852.66   497.1      0.9210E+06  0.6340E+06                       
  0.2956E+09   2548.82    697.30   1851.52   1851.90   497.3      0.9210E+06  0.6345E+06                       
  0.2966E+09   2555.37    704.62   1850.75   1851.13   497.5      0.9210E+06  0.6350E+06                       
  0.2975E+09   2561.92    711.94   1849.97   1850.36   497.7      0.9210E+06  0.6355E+06                       
  0.2984E+09   2568.47    719.27   1849.20   1849.59   497.9      0.9210E+06  0.6360E+06                       
  0.2993E+09   2575.02    726.59   1848.42   1848.81   498.1      0.9210E+06  0.6365E+06                       
  0.3002E+09   2581.56    733.92   1847.64   1848.03   498.4      0.9210E+06  0.6370E+06                       
  0.3012E+09   2588.10    741.25   1846.85   1847.25   498.6      0.9210E+06  0.6375E+06                       
  0.3021E+09   2594.63    748.58   1846.05   1846.45   498.8      0.9210E+06  0.6380E+06                       
  0.3030E+09   2601.16    755.91   1845.25   1845.65   499.0      0.9210E+06  0.6385E+06                       
  0.3039E+09   2607.68    763.24   1844.44   1844.84   499.2      0.9210E+06  0.6390E+06                       
  0.3048E+09   2614.21    770.57   1843.64   1844.04   499.4      0.9210E+06  0.6395E+06                       
  0.3058E+09   2620.74    777.90   1842.83   1843.24   499.6      0.9210E+06  0.6400E+06                       
  0.3067E+09   2627.26    785.24   1842.03   1842.43   499.9      0.9210E+06  0.6405E+06                       
  0.3076E+09   2633.79    792.57   1841.22   1841.63   500.1      0.9210E+06  0.6410E+06                       
  0.3085E+09   2640.32    799.90   1840.42   1840.82   500.3      0.9210E+06  0.6415E+06                       
  0.3094E+09   2646.85    807.23   1839.62   1840.02   500.5      0.9210E+06  0.6420E+06                       
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  0.3104E+09   2653.37    814.55   1838.81   1839.22   500.7      0.9210E+06  0.6425E+06                       
  0.3113E+09   2659.87    821.88   1837.99   1838.40   501.0      0.9210E+06  0.6430E+06                       
  0.3122E+09   2666.38    829.21   1837.17   1837.58   501.2      0.9210E+06  0.6435E+06                       
  0.3131E+09   2672.88    836.53   1836.35   1836.76   501.4      0.9210E+06  0.6440E+06                       
  0.3141E+09   2679.39    843.85   1835.54   1835.95   501.6      0.9210E+06  0.6445E+06                       
  0.3150E+09   2685.90    851.17   1834.72   1835.13   501.9      0.9210E+06  0.6450E+06                       
  0.3159E+09   2692.40    858.49   1833.91   1834.32   502.1      0.9210E+06  0.6455E+06                       
  0.3168E+09   2698.91    865.80   1833.10   1833.51   502.3      0.9210E+06  0.6460E+06                       
  0.3177E+09   2705.41    873.12   1832.30   1832.70   502.5      0.9210E+06  0.6465E+06                       
  0.3187E+09   2711.92    880.43   1831.49   1831.89   502.7      0.9210E+06  0.6470E+06                       
  0.3196E+09   2718.42    887.73   1830.69   1831.09   503.0      0.9210E+06  0.6475E+06                       
  0.3205E+09   2724.91    895.04   1829.87   1830.28   503.2      0.9210E+06  0.6480E+06                       
  0.3214E+09   2731.40    902.34   1829.06   1829.47   503.4      0.9210E+06  0.6485E+06                       
  0.3223E+09   2737.88    909.64   1828.25   1828.65   503.6      0.9210E+06  0.6490E+06                       
  0.3233E+09   2744.37    916.93   1827.44   1827.84   503.9      0.9210E+06  0.6495E+06                       
  0.3242E+09   2750.86    924.22   1826.63   1827.04   504.1      0.9210E+06  0.6500E+06                       
  0.3251E+09   2757.34    931.51   1825.83   1826.23   504.3      0.9210E+06  0.6505E+06                       
  0.3260E+09   2763.83    938.79   1825.04   1825.44   504.5      0.9210E+06  0.6510E+06                       
  0.3269E+09   2770.31    946.07   1824.24   1824.64   504.7      0.9210E+06  0.6515E+06                       
  0.3279E+09   2776.80    953.34   1823.45   1823.85   505.0      0.9210E+06  0.6520E+06                       
  0.3288E+09   2783.29    960.62   1822.67   1823.06   505.2      0.9210E+06  0.6525E+06                       
  0.3297E+09   2789.76    967.88   1821.87   1822.27   505.4      0.9210E+06  0.6531E+06                       
  0.3306E+09   2796.22    975.14   1821.08   1821.47   505.6      0.9210E+06  0.6536E+06                       
  0.3315E+09   2802.69    982.40   1820.29   1820.68   505.8      0.9210E+06  0.6541E+06                       
  0.3325E+09   2809.16    989.66   1819.50   1819.89   506.1      0.9210E+06  0.6546E+06                       
  0.3334E+09   2815.62    996.91   1818.72   1819.11   506.3      0.9210E+06  0.6551E+06                       
  0.3343E+09   2822.09   1004.15   1817.94   1818.33   506.5      0.9210E+06  0.6556E+06                       
  0.3352E+09   2828.56   1011.39   1817.17   1817.55   506.7      0.9210E+06  0.6561E+06                       
  0.3362E+09   2835.02   1018.62   1816.40   1816.78   506.9      0.9210E+06  0.6566E+06                       
  0.3371E+09   2841.49   1025.85   1815.64   1816.02   507.1      0.9210E+06  0.6571E+06                       
  0.3380E+09   2847.96   1033.08   1814.88   1815.26   507.3      0.9210E+06  0.6576E+06                       
  0.3389E+09   2854.41   1040.30   1814.12   1814.50   507.6      0.9210E+06  0.6581E+06                       
  0.3398E+09   2860.86   1047.51   1813.35   1813.73   507.8      0.9210E+06  0.6586E+06                       
  0.3408E+09   2867.31   1054.72   1812.59   1812.97   508.0      0.9210E+06  0.6591E+06                       
  0.3417E+09   2873.76   1061.93   1811.84   1812.21   508.2      0.9210E+06  0.6596E+06                       
  0.3426E+09   2880.21   1069.12   1811.09   1811.46   508.4      0.9210E+06  0.6602E+06                       
  0.3435E+09   2886.66   1076.32   1810.34   1810.71   508.6      0.9210E+06  0.6607E+06                       
  0.3444E+09   2893.11   1083.50   1809.60   1809.97   508.8      0.9210E+06  0.6612E+06                       
  0.3454E+09   2899.56   1090.69   1808.87   1809.24   509.0      0.9210E+06  0.6617E+06                       
  0.3463E+09   2906.01   1097.86   1808.14   1808.51   509.2      0.9210E+06  0.6622E+06                       
  0.3472E+09   2912.46   1105.03   1807.42   1807.78   509.4      0.9210E+06  0.6627E+06                       
  0.3481E+09   2918.90   1112.20   1806.70   1807.06   509.7      0.9210E+06  0.6632E+06                       
  0.3490E+09   2925.33   1119.36   1805.97   1806.33   509.9      0.9210E+06  0.6637E+06                       
  0.3500E+09   2931.76   1126.51   1805.25   1805.61   510.1      0.9210E+06  0.6642E+06                       
  0.3509E+09   2938.19   1133.66   1804.53   1804.89   510.3      0.9210E+06  0.6647E+06                       
  0.3518E+09   2944.63   1140.80   1803.82   1804.18   510.5      0.9210E+06  0.6652E+06                       
  0.3527E+09   2951.06   1147.94   1803.12   1803.47   510.7      0.9210E+06  0.6658E+06                       
  0.3537E+09   2957.49   1155.07   1802.42   1802.77   510.9      0.9210E+06  0.6663E+06                       
  0.3546E+09   2963.92   1162.19   1801.73   1802.07   511.1      0.9210E+06  0.6668E+06                       
  0.3555E+09   2970.35   1169.31   1801.04   1801.38   511.3      0.9210E+06  0.6673E+06                       
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  0.3564E+09   2976.78   1176.43   1800.36   1800.70   511.5      0.9210E+06  0.6678E+06                       
  0.3573E+09   2983.21   1183.53   1799.68   1800.02   511.6      0.9210E+06  0.6683E+06                       
  0.3583E+09   2989.63   1190.63   1799.00   1799.34   511.8      0.9210E+06  0.6688E+06                       
  0.3592E+09   2996.04   1197.73   1798.32   1798.66   512.0      0.9210E+06  0.6693E+06                       
  0.3601E+09   3002.46   1204.81   1797.65   1797.98   512.2      0.9210E+06  0.6699E+06                       
  0.3610E+09   3008.87   1211.90   1796.98   1797.31   512.4      0.9210E+06  0.6704E+06                       
  0.3619E+09   3015.29   1218.97   1796.32   1796.65   512.6      0.9210E+06  0.6709E+06                       
  0.3629E+09   3021.71   1226.04   1795.66   1795.99   512.8      0.9210E+06  0.6714E+06                       
  0.3638E+09   3028.12   1233.10   1795.02   1795.34   513.0      0.9210E+06  0.6719E+06                       
  0.3647E+09   3034.54   1240.16   1794.38   1794.70   513.2      0.9210E+06  0.6724E+06                       
  0.3656E+09   3040.95   1247.21   1793.74   1794.06   513.3      0.9210E+06  0.6729E+06                       
  0.3665E+09   3047.37   1254.26   1793.11   1793.43   513.5      0.9210E+06  0.6734E+06                       
  0.3675E+09   3053.77   1261.29   1792.47   1792.79   513.7      0.9210E+06  0.6740E+06                       
  0.3684E+09   3060.17   1268.33   1791.84   1792.16   513.9      0.9210E+06  0.6745E+06                       
  0.3693E+09   3066.57   1275.35   1791.22   1791.53   514.1      0.9210E+06  0.6750E+06                       
  0.3702E+09   3072.97   1282.37   1790.60   1790.91   514.2      0.9210E+06  0.6755E+06                       
  0.3712E+09   3079.37   1289.38   1789.98   1790.29   514.4      0.9210E+06  0.6760E+06                       
  0.3721E+09   3085.77   1296.39   1789.38   1789.68   514.6      0.9210E+06  0.6765E+06                       
  0.3730E+09   3092.17   1303.39   1788.78   1789.08   514.8      0.9210E+06  0.6770E+06                       
  0.3739E+09   3098.57   1310.38   1788.19   1788.48   514.9      0.9210E+06  0.6776E+06                       
  0.3748E+09   3104.97   1317.37   1787.60   1787.89   515.1      0.9210E+06  0.6781E+06                       
  0.3758E+09   3111.37   1324.35   1787.02   1787.31   515.3      0.9210E+06  0.6786E+06                       
  0.3767E+09   3117.75   1331.32   1786.43   1786.72   515.5      0.9210E+06  0.6791E+06                       
  0.3776E+09   3124.14   1338.29   1785.85   1786.14   515.6      0.9210E+06  0.6796E+06                       
  0.3785E+09   3130.52   1345.25   1785.27   1785.56   515.8      0.9210E+06  0.6801E+06                       
  0.3794E+09   3136.91   1352.21   1784.70   1784.99   516.0      0.9210E+06  0.6807E+06                       
  0.3804E+09   3143.30   1359.16   1784.14   1784.42   516.1      0.9210E+06  0.6812E+06                       
  0.3813E+09   3149.68   1366.10   1783.58   1783.86   516.3      0.9210E+06  0.6817E+06                       
  0.3822E+09   3156.07   1373.03   1783.03   1783.31   516.4      0.9210E+06  0.6822E+06                       
  0.3831E+09   3162.45   1379.96   1782.49   1782.76   516.6      0.9210E+06  0.6827E+06                       
  0.3840E+09   3168.84   1386.89   1781.95   1782.22   516.8      0.9210E+06  0.6832E+06                       
  0.3850E+09   3175.22   1393.80   1781.42   1781.68   516.9      0.9210E+06  0.6837E+06                       
  0.3859E+09   3181.60   1400.71   1780.89   1781.15   517.1      0.9210E+06  0.6843E+06                       
  0.3868E+09   3187.97   1407.61   1780.35   1780.62   517.2      0.9210E+06  0.6848E+06                       
  0.3877E+09   3194.34   1414.51   1779.83   1780.09   517.4      0.9210E+06  0.6853E+06                       
  0.3886E+09   3200.71   1421.40   1779.31   1779.57   517.5      0.9210E+06  0.6858E+06                       
  0.3896E+09   3207.08   1428.29   1778.79   1779.05   517.7      0.9210E+06  0.6863E+06                       
  0.3905E+09   3213.45   1435.16   1778.29   1778.54   517.8      0.9210E+06  0.6869E+06                       
  0.3914E+09   3219.82   1442.03   1777.79   1778.04   518.0      0.9210E+06  0.6874E+06                       
  0.3923E+09   3226.19   1448.90   1777.29   1777.54   518.1      0.9210E+06  0.6879E+06                       
  0.3933E+09   3232.56   1455.76   1776.81   1777.05   518.3      0.9210E+06  0.6884E+06                       
  0.3942E+09   3238.93   1462.61   1776.32   1776.57   518.4      0.9210E+06  0.6889E+06                       
  0.3951E+09   3245.30   1469.45   1775.84   1776.08   518.5      0.9210E+06  0.6894E+06                       
  0.3960E+09   3251.66   1476.29   1775.36   1775.60   518.7      0.9210E+06  0.6900E+06                       
  0.3969E+09   3258.01   1483.13   1774.89   1775.12   518.8      0.9210E+06  0.6905E+06                       
  0.3979E+09   3264.37   1489.95   1774.42   1774.65   519.0      0.9210E+06  0.6910E+06                       
  0.3988E+09   3270.73   1496.77   1773.95   1774.19   519.1      0.9210E+06  0.6915E+06                       
  0.3997E+09   3277.09   1503.59   1773.50   1773.73   519.2      0.9210E+06  0.6920E+06                       
  0.4006E+09   3283.44   1510.39   1773.05   1773.27   519.4      0.9210E+06  0.6926E+06                       
  0.4015E+09   3289.80   1517.20   1772.60   1772.83   519.5      0.9210E+06  0.6931E+06                       
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  0.4025E+09   3296.16   1523.99   1772.17   1772.39   519.6      0.9210E+06  0.6936E+06                       
  0.4034E+09   3302.51   1530.78   1771.74   1771.95   519.7      0.9210E+06  0.6941E+06                       
  0.4043E+09   3308.87   1537.56   1771.31   1771.52   519.9      0.9210E+06  0.6946E+06                       
  0.4052E+09   3315.21   1544.34   1770.88   1771.09   520.0      0.9210E+06  0.6952E+06                       
  0.4061E+09   3321.56   1551.11   1770.45   1770.66   520.1      0.9210E+06  0.6957E+06                       
  0.4071E+09   3327.90   1557.87   1770.03   1770.24   520.3      0.9210E+06  0.6962E+06                       
  0.4080E+09   3334.25   1564.63   1769.62   1769.83   520.4      0.9210E+06  0.6967E+06                       
  0.4089E+09   3340.59   1571.38   1769.21   1769.42   520.5      0.9210E+06  0.6972E+06                       
  0.4098E+09   3346.93   1578.12   1768.81   1769.01   520.6      0.9210E+06  0.6978E+06                       
  0.4108E+09   3353.28   1584.86   1768.42   1768.62   520.7      0.9210E+06  0.6983E+06                       
  0.4117E+09   3359.62   1591.59   1768.03   1768.22   520.8      0.9210E+06  0.6988E+06                       
  0.4126E+09   3365.97   1598.32   1767.65   1767.84   521.0      0.9210E+06  0.6993E+06                       
  0.4135E+09   3372.31   1605.04   1767.27   1767.46   521.1      0.9210E+06  0.6998E+06                       
  0.4144E+09   3378.64   1611.75   1766.89   1767.08   521.2      0.9210E+06  0.7004E+06                       
  0.4154E+09   3384.97   1618.46   1766.52   1766.70   521.3      0.9210E+06  0.7009E+06                       
  0.4163E+09   3391.31   1625.16   1766.15   1766.33   521.4      0.9210E+06  0.7014E+06                       
  0.4172E+09   3397.64   1631.86   1765.78   1765.96   521.5      0.9210E+06  0.7019E+06                       
  0.4181E+09   3403.97   1638.55   1765.43   1765.60   521.6      0.9210E+06  0.7025E+06                       
  0.4190E+09   3410.30   1645.23   1765.07   1765.25   521.7      0.9210E+06  0.7030E+06                       
  0.4200E+09   3416.63   1651.91   1764.73   1764.90   521.8      0.9210E+06  0.7035E+06                       
  0.4209E+09   3422.97   1658.58   1764.39   1764.56   521.9      0.9210E+06  0.7040E+06                       
  0.4218E+09   3429.30   1665.24   1764.06   1764.22   522.0      0.9210E+06  0.7045E+06                       
  0.4227E+09   3435.63   1671.90   1763.73   1763.89   522.1      0.9210E+06  0.7051E+06                       
  0.4236E+09   3441.95   1678.55   1763.40   1763.56   522.2      0.9210E+06  0.7056E+06                       
  0.4246E+09   3448.27   1685.20   1763.07   1763.23   522.3      0.9210E+06  0.7061E+06                       
  0.4255E+09   3454.59   1691.84   1762.75   1762.91   522.4      0.9210E+06  0.7066E+06                       
  0.4264E+09   3460.91   1698.48   1762.43   1762.59   522.5      0.9210E+06  0.7071E+06                       
  0.4273E+09   3467.23   1705.11   1762.12   1762.28   522.6      0.9210E+06  0.7077E+06                       
  0.4283E+09   3473.55   1711.73   1761.82   1761.97   522.7      0.9210E+06  0.7082E+06                       
  0.4292E+09   3479.87   1718.35   1761.52   1761.67   522.8      0.9210E+06  0.7087E+06                       
  0.4301E+09   3486.19   1724.96   1761.23   1761.38   522.9      0.9210E+06  0.7092E+06                       
  0.4310E+09   3492.51   1731.57   1760.94   1761.09   523.0      0.9210E+06  0.7098E+06                       
  0.4319E+09   3498.83   1738.17   1760.66   1760.80   523.0      0.9210E+06  0.7103E+06                       
  0.4329E+09   3505.14   1744.76   1760.38   1760.52   523.1      0.9210E+06  0.7108E+06                       
  0.4338E+09   3511.45   1751.35   1760.10   1760.24   523.2      0.9210E+06  0.7113E+06                       
  0.4347E+09   3517.76   1757.93   1759.83   1759.96   523.3      0.9210E+06  0.7119E+06                       
  0.4356E+09   3524.07   1764.51   1759.56   1759.69   523.4      0.9210E+06  0.7124E+06                       
  0.4365E+09   3530.38   1771.08   1759.30   1759.43   523.4      0.9210E+06  0.7129E+06                       
  0.4375E+09   3536.69   1777.65   1759.04   1759.17   523.5      0.9210E+06  0.7134E+06                       
  0.4384E+09   3542.99   1784.21   1758.79   1758.91   523.6      0.9210E+06  0.7140E+06                       
  0.4393E+09   3549.30   1790.76   1758.54   1758.66   523.7      0.9210E+06  0.7145E+06                       
  0.4402E+09   3555.61   1797.31   1758.30   1758.42   523.7      0.9210E+06  0.7150E+06                       
  0.4411E+09   3561.92   1803.85   1758.07   1758.18   523.8      0.9210E+06  0.7155E+06                       
  0.4421E+09   3568.22   1810.39   1757.83   1757.95   523.9      0.9210E+06  0.7160E+06                       
  0.4430E+09   3574.52   1816.92   1757.60   1757.72   524.0      0.9210E+06  0.7166E+06                       
  0.4439E+09   3580.82   1823.45   1757.37   1757.48   524.0      0.9210E+06  0.7171E+06                       
  0.4448E+09   3587.12   1829.97   1757.15   1757.26   524.1      0.9210E+06  0.7176E+06                       
  0.4457E+09   3593.41   1836.49   1756.93   1757.04   524.2      0.9210E+06  0.7181E+06                       
  0.4467E+09   3599.71   1843.00   1756.72   1756.82   524.2      0.9210E+06  0.7187E+06                       
  0.4476E+09   3606.01   1849.50   1756.51   1756.61   524.3      0.9210E+06  0.7192E+06                       
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
  DUTY          T HOT     T COLD    DELTA T   LMTD    UA ZONE     Q ZONE      UA          PINCH  STREAM IN/OUT/DEW/  
                                                                                          POINT  BUBBLE POINT  
  BTU/HR          F         FFF     BTU/HR-R    BTU/HR      BTU/HR-R    
 
  0.4485E+09   3612.31   1856.00   1756.31   1756.41   524.3      0.9210E+06  0.7197E+06                       
  0.4494E+09   3618.60   1862.49   1756.11   1756.21   524.4      0.9210E+06  0.7202E+06                       
  0.4504E+09   3624.90   1868.98   1755.92   1756.02   524.5      0.9210E+06  0.7208E+06                       
  0.4513E+09   3631.20   1875.46   1755.73   1755.83   524.5      0.9210E+06  0.7213E+06                       
  0.4522E+09   3637.48   1881.94   1755.54   1755.64   524.6      0.9210E+06  0.7218E+06                       
  0.4531E+09   3643.77   1888.41   1755.36   1755.45   524.6      0.9210E+06  0.7223E+06                       
  0.4540E+09   3650.06   1894.88   1755.18   1755.27   524.7      0.9210E+06  0.7229E+06                       
  0.4550E+09   3656.35   1901.34   1755.00   1755.09   524.7      0.9210E+06  0.7234E+06                       
  0.4559E+09   3662.63   1907.80   1754.83   1754.92   524.8      0.9210E+06  0.7239E+06                       
  0.4568E+09   3668.92   1914.25   1754.67   1754.75   524.8      0.9210E+06  0.7244E+06                       
  0.4577E+09   3675.21   1920.69   1754.51   1754.59   524.9      0.9210E+06  0.7250E+06                       
  0.4586E+09   3681.49   1927.13   1754.36   1754.44   524.9      0.9210E+06  0.7255E+06                       
  0.4596E+09   3687.78   1933.57   1754.21   1754.28   525.0      0.9210E+06  0.7260E+06                       
  0.4605E+09   3694.07   1940.00   1754.07   1754.14   525.0      0.9210E+06  0.7265E+06                       
 
 
 
  GBL = GLOBAL     LOC = LOCAL     DP  = DEW POINT     BP  = BUBBLE POINT 
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
 
                          ***  TQ-TABLES FOR HOT SIDE STREAMS *** 
 
 STREAM: GAS      
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.4605E+09   3694.       19.70       1.000     
   0.4511E+09   3630.       19.60       1.000     
   0.4417E+09   3566.       19.50       1.000     
   0.4323E+09   3501.       19.39       1.000     
   0.4229E+09   3437.       19.29       1.000     
   0.4135E+09   3372.       19.19       1.000     
   0.4041E+09   3307.       19.09       1.000     
   0.3947E+09   3243.       18.99       1.000     
   0.3853E+09   3178.       18.88       1.000     
   0.3759E+09   3112.       18.78       1.000     
   0.3665E+09   3047.       18.68       1.000     
   0.3571E+09   2982.       18.58       1.000     
   0.3477E+09   2916.       18.48       1.000     
   0.3383E+09   2850.       18.37       1.000     
   0.3289E+09   2784.       18.27       1.000     
   0.3195E+09   2718.       18.17       1.000     
   0.3101E+09   2652.       18.07       1.000     
   0.3007E+09   2585.       17.97       1.000     
   0.2913E+09   2518.       17.86       1.000     
   0.2819E+09   2451.       17.76       1.000     
   0.2725E+09   2384.       17.66       1.000     
   0.2631E+09   2316.       17.56       1.000     
   0.2537E+09   2248.       17.46       1.000     
   0.2443E+09   2180.       17.35       1.000     
   0.2349E+09   2112.       17.25       1.000     
   0.2255E+09   2043.       17.15       1.000     
   0.2161E+09   1974.       17.05       1.000     
   0.2067E+09   1904.       16.94       1.000     
   0.1974E+09   1834.       16.84       1.000     
   0.1880E+09   1764.       16.74       1.000     
   0.1786E+09   1693.       16.64       1.000     
   0.1692E+09   1622.       16.54       1.000     
   0.1598E+09   1550.       16.43       1.000     
   0.1504E+09   1478.       16.33       1.000     
   0.1410E+09   1405.       16.23       1.000     
   0.1316E+09   1332.       16.13       1.000     
   0.1222E+09   1258.       16.03       1.000     
   0.1128E+09   1183.       15.92       1.000     
   0.1034E+09   1107.       15.82       1.000     
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.9398E+08   1031.       15.72       1.000     
   0.8458E+08   954.1       15.62       1.000     
   0.7518E+08   876.2       15.52       1.000     
   0.6578E+08   797.4       15.41       1.000     
   0.5639E+08   717.8       15.31       1.000     
   0.4699E+08   637.2       15.21       1.000     
   0.3759E+08   555.6       15.11       1.000     
   0.2819E+08   473.2       15.01       1.000     
   0.1880E+08   389.8       14.90       1.000     
   0.9398E+07   305.6       14.80       1.000     
    0.000       220.6       14.70       1.000     
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
 
                          ***  TQ-TABLES FOR COLD SIDE STREAMS *** 
 
 STREAM: PRESCW   
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
    0.000       170.6       528.0       0.000     
   0.9798E+07   208.7       527.8       0.000     
   0.1960E+08   246.4       527.7       0.000     
   0.2939E+08   283.5       527.5       0.000     
   0.3919E+08   320.0       527.3       0.000     
   0.4899E+08   355.7       527.1       0.000     
   0.5879E+08   390.4       527.0       0.000     
   0.6858E+08   423.9       526.8       0.000     
   0.7838E+08   456.1       526.6       0.000     
   0.8333E+08   471.8       526.6       0.000     
   0.8818E+08   471.8       526.5      0.2648E-01 
   0.9798E+08   471.7       526.3      0.7998E-01 
   0.1078E+09   471.7       526.1      0.1335     
   0.1176E+09   471.7       526.0      0.1870     
   0.1274E+09   471.6       525.8      0.2404     
   0.1372E+09   471.6       525.6      0.2939     
   0.1470E+09   471.6       525.4      0.3474     
   0.1568E+09   471.5       525.3      0.4008     
   0.1666E+09   471.5       525.1      0.4543     
   0.1764E+09   471.5       524.9      0.5077     
   0.1862E+09   471.4       524.8      0.5612     
   0.1960E+09   471.4       524.6      0.6146     
   0.2057E+09   471.4       524.4      0.6680     
   0.2155E+09   471.3       524.3      0.7215     
   0.2253E+09   471.3       524.1      0.7749     
   0.2351E+09   471.3       523.9      0.8283     
   0.2449E+09   471.2       523.7      0.8817     
   0.2547E+09   471.2       523.6      0.9351     
   0.2645E+09   471.2       523.4      0.9885     
   0.2666E+09   471.2       523.4       1.000     
   0.2743E+09   529.8       523.2       1.000     
   0.2841E+09   606.3       523.1       1.000     
   0.2939E+09   683.8       522.9       1.000     
   0.3037E+09   761.7       522.7       1.000     
   0.3135E+09   839.6       522.6       1.000     
   0.3233E+09   917.4       522.4       1.000     
   0.3331E+09   994.7       522.2       1.000     
   0.3429E+09   1072.       522.0       1.000     
   0.3527E+09   1148.       521.9       1.000     
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HTX1     MODEL: MHEATX (CONTINUED)           
 
   Q STREAM    TEMP        PRES        VFRAC      
 
   BTU/HR      F           PSIA       
 
   0.3625E+09   1223.       521.7       1.000     
   0.3723E+09   1298.       521.5       1.000     
   0.3821E+09   1372.       521.4       1.000     
   0.3919E+09   1446.       521.2       1.000     
   0.4017E+09   1518.       521.0       1.000     
   0.4115E+09   1590.       520.9       1.000     
   0.4213E+09   1662.       520.7       1.000     
   0.4311E+09   1732.       520.5       1.000     
   0.4409E+09   1802.       520.3       1.000     
   0.4507E+09   1871.       520.2       1.000     
   0.4605E+09   1940.       520.0       1.000     
 
 BLOCK:  COMBUST  MODEL: RGIBBS           
 ------------------------------ 
   INLET STREAMS:         RXNFEED     FUEL     
   OUTLET STREAM:         GAS      
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         14711.6       14828.3       116.684      0.368010E-15 
   MASS(LB/HR   )         409782.       409782.                    0.127841E-14 
   ENTHALPY(BTU/HR  )   -0.256850E+08 -0.256850E+08                0.190570E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             509956.      LB/HR            
    PRODUCT STREAMS CO2E          54692.3      LB/HR            
    NET STREAMS CO2E PRODUCTION  -455264.      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        -455264.      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   EQUILIBRIUM SPECIFICATIONS:                        
     ONLY CHEMICAL EQUILIBRIUM IS CONSIDERED, THE FLUID PHASE IS VAPOR    
     CALCULATED TEMPERATURE    F                              3694.1     
     TEMPERATURE FOR FREE ENERGY EVALUATION    F              3694.1     
     SYSTEM PRESSURE       PSIA                               19.700     
     SPECIFIED DUTY        BTU/HR                               0.0000     
 
   FLUID PHASE SPECIES IN PRODUCT LIST: 
     METHANE WATER CARBO-01 NITROGEN OXYGEN ARGON NO NO2 CO ETHAN-01  
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COMBUST  MODEL: RGIBBS (CONTINUED)           
 
   ATOM MATRIX:    
   ELEMENT      H    C    N    O    AR   
     METHANE    4.00 1.00 0.00 0.00 0.00 
     WATER      2.00 0.00 0.00 1.00 0.00 
     CARBO-01   0.00 1.00 0.00 2.00 0.00 
     NITROGEN   0.00 0.00 2.00 0.00 0.00 
     OXYGEN     0.00 0.00 0.00 2.00 0.00 
     ARGON      0.00 0.00 0.00 0.00 1.00 
     NO         0.00 0.00 1.00 1.00 0.00 
     NO2        0.00 0.00 1.00 2.00 0.00 
     CO         0.00 1.00 0.00 1.00 0.00 
     ETHAN-01   6.00 2.00 0.00 0.00 0.00 
 
                           ***  RESULTS  *** 
   TEMPERATURE           F                                    3694.1     
   PRESSURE              PSIA                                 19.700     
   VAPOR FRACTION                                             1.0000     
   NUMBER OF FLUID PHASES                                              1 
 
   FLUID PHASE MOLE FRACTIONS:    
 
   PHASE              VAPOR    
   OF TYPE            VAPOR    
   PHASE FRACTION     1.000000     
   PLACED IN STREAM   GAS      
     METHANE         0.8118803E-16 
     CARBO-01        0.8380799E-01 
     NITROGEN        0.7028619     
     OXYGEN          0.5970487E-02 
     ARGON           0.8477905E-02 
     NO              0.2690212E-02 
     CO              0.1122720E-01 
     ETHAN-01        0.4216021E-31 
     NO2             0.5311801E-06 
     WATER           0.1849638     
 
   LBMOL/HR           14828.31     
 
 BLOCK:  COMPRESS MODEL: MCOMPR           
 ------------------------------ 
   INLET STREAMS:    AIRFLOW      TO STAGE   1 
   OUTLET STREAMS:   COMPOUT    FROM STAGE   1 
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COMPRESS MODEL: MCOMPR (CONTINUED)           
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            13373.7         13373.7         0.00000     
       MASS(LB/HR   )            387380.         387380.       -0.300520E-15 
       ENTHALPY(BTU/HR  )      -0.163161E+07    0.173084E+08    -1.09427     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             194.230      LB/HR            
    PRODUCT STREAMS CO2E          194.230      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
   NUMBER OF STAGES                                          1 
   FINAL PRESSURE, PSIA                                     34.7000      
 
                    COMPRESSOR SPECIFICATIONS PER STAGE 
 
   STAGE                     MECHANICAL      ISENTROPIC                  
   NUMBER                    EFFICIENCY      EFFICIENCY 
 
 
     1                        1.000          0.7200     
 
                    COOLER SPECIFICATIONS PER STAGE 
 
   STAGE     PRESSURE DROP     HEAT DUTY    
   NUMBER    PSI               BTU/HR       
 
     1       0.000             0.000     
 
                           ***  RESULTS  *** 
 
   FINAL PRESSURE, PSIA                                     34.7000      
   TOTAL WORK REQUIRED, HP                               7,443.69        
   TOTAL COOLING DUTY , BTU/HR                               0.0         
 
                           ***  PROFILE  *** 
 
                           COMPRESSOR PROFILE 
 
   STAGE      OUTLET       PRESSURE     OUTLET 
   NUMBER     PRESSURE     RATIO        TEMPERATURE 
              PSIA                      F    
 
     1        34.70        2.361        271.1     
 
   STAGE      INDICATED      BRAKE                                        
   NUMBER     HORSEPOWER     HORSEPOWER 
              HP             HP 
     1        7444.          7444.     
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COMPRESS MODEL: MCOMPR (CONTINUED)           
 
   STAGE      HEAD           VOLUMETRIC 
   NUMBER     DEVELOPED      FLOW 
              FT-LBF/LB      CUFT/HR      
     1       0.2739E+05     0.5149E+07 
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
 UTILITY USAGE:  ELEC      (ELECTRICITY)  
 ------------------------------ 
 COMPRESSOR STAGE   1   5550.7573                      277.5379   
                    -------------                     ------------- 
 TOTAL:                 5550.7573  KW                  277.5379  $/HR             
                    ============= 
 UTILITY USAGE:  WATERU    (WATER)        
 ------------------------------ 
 COOLER STAGE       1      0.0                           0.0      
                    -------------                     ------------- 
 TOTAL:                    0.0     LB/HR                 0.0     $/HR             
                    ============= 
 
 BLOCK:  CONDENSE MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          TURBOUT  
   OUTLET STREAM:         CWIN     
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            13089.3         13088.8        0.372378E-04 
       MASS(LB/HR   )            235808.         235799.        0.372378E-04 
       ENTHALPY(BTU/HR  )      -0.129042E+10   -0.159542E+10    0.191173     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       170.000       
   SPECIFIED PRESSURE                   PSIA                      6.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  CONDENSE MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    170.00     
   OUTLET PRESSURE       PSIA                                 6.0000     
   HEAT DUTY             BTU/HR                             -0.30506E+09 
   OUTLET VAPOR FRACTION                                      0.0000     
   PRESSURE-DROP CORRELATION PARAMETER                        0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER             1.0000         1.0000         1.0000        0.90467     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR WATER                      WATERU 
  RATE OF CONSUMPTION                    1.5307+07  LB/HR            
  COST                                    136.9991  $/HR             
 
 BLOCK:  PUMP     MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          CWIN     
   OUTLET STREAM:         PUMPOUT  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            13088.8         13088.8         0.00000     
       MASS(LB/HR   )            235799.         235799.         0.00000     
       ENTHALPY(BTU/HR  )      -0.159542E+10   -0.159495E+10   -0.293629E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 543.000       
    PUMP EFFICIENCY                                         0.85000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  PUMP     MODEL: PUMP (CONTINUED)             
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       4,007.12        
    PRESSURE CHANGE  PSI                                  537.000       
    NPSH AVAILABLE   FT-LBF/LB                              1.40535     
    FLUID POWER  HP                                       156.496       
    BRAKE POWER  HP                                       184.113       
    ELECTRICITY  KW                                       137.293       
    PUMP EFFICIENCY USED                                    0.85000     
    NET WORK REQUIRED  HP                                 184.113       
    HEAD DEVELOPED FT-LBF/LB                            1,314.09        
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                     137.2930  KW               
  COST                                      6.8647  $/HR             
 
 BLOCK:  STEAMTUR MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          CWOUT    
   OUTLET STREAM:         TURBOUT  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            13089.3         13089.3         0.00000     
       MASS(LB/HR   )            235808.         235808.         0.00000     
       ENTHALPY(BTU/HR  )      -0.113453E+10   -0.129042E+10    0.120806     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC TURBINE 
    OUTLET PRESSURE  PSIA                                    6.00000     
    ISENTROPIC EFFICIENCY                                    0.85000     
    MECHANICAL EFFICIENCY                                    1.00000     
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  STEAMTUR MODEL: COMPR (CONTINUED)            
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP              -61,267.6         
    BRAKE      HORSEPOWER REQUIREMENT  HP              -61,267.6         
    NET WORK REQUIRED                  HP              -61,267.6         
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP              -72,079.5         
    CALCULATED OUTLET TEMP  F                              719.342       
    ISENTROPIC TEMPERATURE  F                              476.529       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.85000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                   -605,227.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.23294     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               647,943.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                     0.275832+08 
    INLET  COMPRESSIBILITY FACTOR                            0.99957     
    OUTLET COMPRESSIBILITY FACTOR                            0.99932     
    AV. ISENT. VOL. EXPONENT                                 1.26769     
    AV. ISENT. TEMP EXPONENT                                 1.26734     
    AV. ACTUAL VOL. EXPONENT                                 1.18952     
    AV. ACTUAL TEMP EXPONENT                                 1.18944     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR ELECTRICITY                  ELEC 
  RATE OF CONSUMPTION                    4.5687+04  KW               
  COST                                   2284.3602  $/HR             
 
 BLOCK:  VALVE    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          COMPOUT  
   OUTLET STREAM:         RXNFEED  
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            13373.7         13373.7         0.00000     
       MASS(LB/HR   )            387380.         387380.         0.00000     
       ENTHALPY(BTU/HR  )       0.173084E+08    0.173084E+08     0.00000     
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  VALVE    MODEL: VALVE (CONTINUED)            
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             194.230      LB/HR            
    PRODUCT STREAMS CO2E          194.230      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          15.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         19.7000      
 
 BLOCK:  VALVE2   MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          PUMPOUT  
   OUTLET STREAM:         PRESCW   
   PROPERTY OPTION SET:   PENG-ROB  STANDARD PR EQUATION OF STATE                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            13088.8         13089.3       -0.372378E-04 
       MASS(LB/HR   )            235799.         235808.       -0.372378E-04 
       ENTHALPY(BTU/HR  )      -0.159495E+10   -0.159501E+10    0.372378E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          15.0000      
    VALVE FLOW COEF CALC.                                 NO   
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                          BOILER WITH STEAM TURBINE                              
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  VALVE2   MODEL: VALVE (CONTINUED)            
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        528.000       
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 AIRFLOW COMPOUT COOLGAS CWIN CWOUT               
 ---------------------------------- 
 
 STREAM ID               AIRFLOW    COMPOUT    COOLGAS    CWIN       CWOUT    
 FROM :                  ----       COMPRESS   HTX1       CONDENSE   HTX1     
 TO   :                  COMPRESS   VALVE      ----       PUMP       STEAMTUR 
 
 
 MAX CONV. ERROR:         0.0        0.0        0.0     3.7239-05     0.0    
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPORVAPOR      LIQUID     VAPOR   
 COMPONENTS: LBMOL/HR         
   METHANE                0.0        0.0     1.2039-12     0.0        0.0    
   WATER                  0.0        0.0     2742.7013  1.3089+04  1.3089+04 
   CARBO-01               4.4133     4.4133  1242.7312     0.0        0.0    
   NITROGEN            1.0442+04  1.0442+04  1.0422+04     0.0        0.0    
   OXYGEN              2801.3944  2801.3944    88.5323     0.0        0.0    
   ARGON                125.7130   125.7130   125.7130     0.0        0.0    
   NO                     0.0        0.0       39.8913     0.0        0.0    
   NO2                    0.0        0.0     7.8765-03     0.0        0.0    
   CO                     0.0        0.0      166.4804     0.0        0.0    
   ETHAN-01               0.0        0.0     6.2516-28     0.0        0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.0        0.0     8.1188-17     0.0        0.0    
   WATER                  0.0        0.0        0.1850     1.0000     1.0000 
   CARBO-01            3.3000-04  3.3000-04  8.3808-02     0.0        0.0    
   NITROGEN               0.7808     0.7808     0.7029     0.0        0.0    
   OXYGEN                 0.2095     0.2095  5.9705-03     0.0        0.0    
   ARGON               9.4000-03  9.4000-03  8.4779-03     0.0        0.0    
   NO                     0.0        0.0     2.6902-03     0.0        0.0    
   NO2                    0.0        0.0     5.3118-07     0.0        0.0    
   CO                     0.0        0.0     1.1227-02     0.0        0.0    
   ETHAN-01               0.0        0.0     4.2160-32     0.0        0.0    
 COMPONENTS: LB/HR            
   METHANE                0.0        0.0     1.9314-11     0.0        0.0    
   WATER                  0.0        0.0     4.9411+04  2.3580+05  2.3581+05 
   CARBO-01             194.2298   194.2298  5.4692+04     0.0        0.0    
   NITROGEN            2.9252+05  2.9252+05  2.9196+05     0.0        0.0    
   OXYGEN              8.9641+04  8.9641+04  2832.9259     0.0        0.0    
   ARGON               5021.9840  5021.9840  5021.9840     0.0        0.0    
   NO                     0.0        0.0     1196.9842     0.0        0.0    
   NO2                    0.0        0.0        0.3624     0.0        0.0    
   CO                     0.0        0.0     4663.1819     0.0        0.0    
   ETHAN-01               0.0        0.0     1.8798-26     0.0        0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.0        0.0     4.7131-17     0.0        0.0    
   WATER                  0.0        0.0        0.1206     1.0000     1.0000 
   CARBO-01            5.0139-04  5.0139-04     0.1335     0.0        0.0    
   NITROGEN               0.7551     0.7551     0.7125     0.0        0.0    
   OXYGEN                 0.2314     0.2314  6.9133-03     0.0        0.0    
   ARGON               1.2964-02  1.2964-02  1.2255-02     0.0        0.0    
   NO                     0.0        0.0     2.9210-03     0.0        0.0    
   NO2                    0.0        0.0     8.8428-07     0.0        0.0    
   CO                     0.0        0.0     1.1380-02     0.0        0.0    
   ETHAN-01               0.0        0.0     4.5874-32     0.0        0.0    
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 AIRFLOW COMPOUT COOLGAS CWIN CWOUT (CONTINUED)       
 
 STREAM ID               AIRFLOW    COMPOUT    COOLGAS    CWIN       CWOUT    
 
 TOTAL FLOW:      
   LBMOL/HR            1.3374+04  1.3374+04  1.4828+04  1.3089+04  1.3089+04 
   LB/HR               3.8738+05  3.8738+05  4.0978+05  2.3580+05  2.3581+05 
   CUFT/HR             5.1486+06  3.0230+06  7.3567+06  4007.1151  6.4794+05 
 STATE VARIABLES: 
   TEMP   F              68.0000   271.0653   220.5879   170.0000  1940.0000 
   PRES   PSIA           14.7000    34.7000    14.7000     6.0000   520.0000 
   VFRAC                  1.0000     1.0000     1.0000     0.0        1.0000 
   LFRAC                  0.0        0.0        0.0        1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL           -122.0015  1294.2060 -3.2787+04 -1.2189+05 -8.6676+04 
   BTU/LB                -4.2119    44.6806 -1186.4095 -6766.0247 -4811.2451 
   BTU/HR             -1.6316+06  1.7308+07 -4.8617+08 -1.5954+09 -1.1345+09 
 ENTROPY:         
   BTU/LBMOL-R            1.0028     1.5675     1.8790   -36.9861    -4.2613 
   BTU/LB-R            3.4619-02  5.4116-02  6.7992-02    -2.0530    -0.2365 
 DENSITY:         
   LBMOL/CUFT          2.5975-03  4.4239-03  2.0156-03     3.2664  2.0201-02 
   LB/CUFT             7.5239-02     0.1281  5.5702-02    58.8451     0.3639 
 AVG MW                  28.9657    28.9657    27.6351    18.0153    18.0153 
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 FUEL GAS PRESCW PUMPOUT RXNFEED                  
 ------------------------------- 
 
 STREAM ID               FUEL       GAS        PRESCW     PUMPOUT    RXNFEED  
 FROM :                  ----       COMBUST    VALVE2     PUMP       VALVE    
 TO   :                  COMBUST    HTX1       HTX1       VALVE2     COMBUST  
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     LIQUID     VAPOR   
 COMPONENTS: LBMOL/HR         
   METHANE             1271.0079  1.2039-12     0.0        0.0        0.0    
   WATER                  0.0     2742.7013  1.3089+04  1.3089+04     0.0    
   CARBO-01               0.0     1242.7312     0.0        0.0        4.4133 
   NITROGEN               0.0     1.0422+04     0.0        0.0     1.0442+04 
   OXYGEN                 0.0       88.5323     0.0        0.0     2801.3944 
   ARGON                  0.0      125.7130     0.0        0.0      125.7130 
   NO                     0.0       39.8913     0.0        0.0        0.0    
   NO2                    0.0     7.8765-03     0.0        0.0        0.0    
   CO                     0.0      166.4804     0.0        0.0        0.0    
   ETHAN-01              66.8952  6.2516-28     0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.9500  8.1188-17     0.0        0.0        0.0    
   WATER                  0.0        0.1850     1.0000     1.0000     0.0    
   CARBO-01               0.0     8.3808-02     0.0        0.0     3.3000-04 
   NITROGEN               0.0        0.7029     0.0        0.0        0.7808 
   OXYGEN                 0.0     5.9705-03     0.0        0.0        0.2095 
   ARGON                  0.0     8.4779-03     0.0        0.0     9.4000-03 
   NO                     0.0     2.6902-03     0.0        0.0        0.0    
   NO2                    0.0     5.3118-07     0.0        0.0        0.0    
   CO                     0.0     1.1227-02     0.0        0.0        0.0    
   ETHAN-01            5.0000-02  4.2160-32     0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   METHANE             2.0390+04  1.9314-11     0.0        0.0        0.0    
   WATER                  0.0     4.9411+04  2.3581+05  2.3580+05     0.0    
   CARBO-01               0.0     5.4692+04     0.0        0.0      194.2298 
   NITROGEN               0.0     2.9196+05     0.0        0.0     2.9252+05 
   OXYGEN                 0.0     2832.9259     0.0        0.0     8.9641+04 
   ARGON                  0.0     5021.9840     0.0        0.0     5021.9840 
   NO                     0.0     1196.9842     0.0        0.0        0.0    
   NO2                    0.0        0.3624     0.0        0.0        0.0    
   CO                     0.0     4663.1819     0.0        0.0        0.0    
   ETHAN-01            2011.5132  1.8798-26     0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.9102  4.7131-17     0.0        0.0        0.0    
   WATER                  0.0        0.1206     1.0000     1.0000     0.0    
   CARBO-01               0.0        0.1335     0.0        0.0     5.0139-04 
   NITROGEN               0.0        0.7125     0.0        0.0        0.7551 
   OXYGEN                 0.0     6.9133-03     0.0        0.0        0.2314 
   ARGON                  0.0     1.2255-02     0.0        0.0     1.2964-02 
   NO                     0.0     2.9210-03     0.0        0.0        0.0    
   NO2                    0.0     8.8428-07     0.0        0.0        0.0    
   CO                     0.0     1.1380-02     0.0        0.0        0.0    
   ETHAN-01            8.9792-02  4.5874-32     0.0        0.0        0.0    
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 FUEL GAS PRESCW PUMPOUT RXNFEED (CONTINUED)          
 
 STREAM ID               FUEL       GAS        PRESCW     PUMPOUT    RXNFEED  
 
 TOTAL FLOW:      
   LBMOL/HR            1337.9031  1.4828+04  1.3089+04  1.3089+04  1.3374+04 
   LB/HR               2.2402+04  4.0978+05  2.3581+05  2.3580+05  3.8738+05 
   CUFT/HR             3.9938+05  3.3558+07  4008.6893  4008.4535  5.3225+06 
 STATE VARIABLES: 
   TEMP   F              90.0000  3694.0676   170.5879   170.5522   270.8187 
   PRES   PSIA           19.7000    19.7000   528.0000   543.0000    19.7000 
   VFRAC                  1.0000     1.0000     0.0        0.0        1.0000 
   LFRAC                  0.0        0.0        1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -3.2135+04 -1732.1583 -1.2186+05 -1.2186+05  1294.2060 
   BTU/LB             -1919.1753   -62.6796 -6764.0380 -6764.0380    44.6806 
   BTU/HR             -4.2993+07 -2.5685+07 -1.5950+09 -1.5950+09  1.7308+07 
 ENTROPY:         
   BTU/LBMOL-R          -20.3586    16.7576   -36.9833   -36.9849     2.6920 
   BTU/LB-R              -1.2159     0.6064    -2.0529    -2.0530  9.2936-02 
 DENSITY:         
   LBMOL/CUFT          3.3499-03  4.4188-04     3.2652     3.2653  2.5127-03 
   LB/CUFT             5.6092-02  1.2211-02    58.8242    58.8255  7.2782-02 
 AVG MW                  16.7441    27.6351    18.0153    18.0153    28.9657 
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 TURBOUT                                          
 ------- 
 
 STREAM ID               TURBOUT  
 FROM :                  STEAMTUR 
 TO   :                  CONDENSE 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: LBMOL/HR         
   METHANE                0.0    
   WATER               1.3089+04 
   CARBO-01               0.0    
   NITROGEN               0.0    
   OXYGEN                 0.0    
   ARGON                  0.0    
   NO                     0.0    
   NO2                    0.0    
   CO                     0.0    
   ETHAN-01               0.0    
 COMPONENTS: MOLE FRAC        
   METHANE                0.0    
   WATER                  1.0000 
   CARBO-01               0.0    
   NITROGEN               0.0    
   OXYGEN                 0.0    
   ARGON                  0.0    
   NO                     0.0    
   NO2                    0.0    
   CO                     0.0    
   ETHAN-01               0.0    
 COMPONENTS: LB/HR            
   METHANE                0.0    
   WATER               2.3581+05 
   CARBO-01               0.0    
   NITROGEN               0.0    
   OXYGEN                 0.0    
   ARGON                  0.0    
   NO                     0.0    
   NO2                    0.0    
   CO                     0.0    
   ETHAN-01               0.0    
 COMPONENTS: MASS FRAC        
   METHANE                0.0    
   WATER                  1.0000 
   CARBO-01               0.0    
   NITROGEN               0.0    
   OXYGEN                 0.0    
   ARGON                  0.0    
   NO                     0.0    
   NO2                    0.0    
   CO                     0.0    
   ETHAN-01               0.0    
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 TURBOUT (CONTINUED)                                  
 
 STREAM ID               TURBOUT  
 
 TOTAL FLOW:      
   LBMOL/HR            1.3089+04 
   LB/HR               2.3581+05 
   CUFT/HR             2.7583+07 
 STATE VARIABLES: 
   TEMP   F             719.3421 
   PRES   PSIA            6.0000 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   BTU/LBMOL          -9.8586+04 
   BTU/LB             -5472.3389 
   BTU/HR             -1.2904+09 
 ENTROPY:         
   BTU/LBMOL-R           -2.2668 
   BTU/LB-R              -0.1258 
 DENSITY:         
   LBMOL/CUFT          4.7454-04 
   LB/CUFT             8.5490-03 
 AVG MW                  18.0153 
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 UTILITY USAGE:  ELEC      (ELECTRICITY)  
 --------------------------------------- 
 
  INPUT DATA: 
 
    PRICE                             5.0000-02  $/KWHR           
    INDEX TYPE                             FUEL 
 
  RESULT: 
 
    INDEXED PRICE                     5.0000-02  $/KWHR           
 
  THIS UTILITY IS PURCHASED 
 
  USAGE: 
 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            KW                $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  PUMP      PUMP                 4.6846+05          137.2930            6.8647       
  STEAMTUR  COMPR                1.5589+08         4.5687+04         2284.3602       
  COMPRESS  MCOMPR               1.8940+07         5550.7573          277.5379       
                          ----------------  ----------------  ---------------- 
                  TOTAL:         1.7530+08         5.1375+04         2568.7628       
                          ================  ================  ================ 
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 UTILITY USAGE:  WATERU    (WATER)        
 --------------------------------- 
 
  INPUT DATA: 
 
    INLET TEMPERATURE                   58.0000  F                
    OUTLET TEMPERATURE                  78.0000  F                
    INLET PRESSURE                      23.0000  PSIA             
    OUTLET PRESSURE                     14.7000  PSIA             
    PRICE                             8.9500-06  $/LB             
    INDEX TYPE                             FUEL 
 
  RESULT: 
 
    COOLING VALUE                       19.9293  BTU/LB           
    INDEXED PRICE                     8.9500-06  $/LB             
 
  THIS UTILITY IS PURCHASED 
 
  USAGE: 
 
  BLOCK ID  MODEL         DUTY              USAGE RATE        COST 
                          BTU/HR            LB/HR             $/HR             
  --------  ------------  ----------------  ----------------  ---------------- 
  CONDENSE  HEATER               3.0506+08         1.5307+07          136.9991       
  COMPRESS  MCOMPR                  0.0               0.0               0.0          
                          ----------------  ----------------  ---------------- 
                  TOTAL:         3.0506+08         1.5307+07          136.9991       
                          ================  ================  ================ 
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 BLOCK STATUS                             
 ------------ 
 
 **************************************************************************** 
 *                                                                          * 
 * Calculations were completed normally                                     * 
 *                                                                          * 
 * All Unit Operation blocks were completed normally                        * 
 *                                                                          * 
 * All streams were flashed normally                                        * 
 *                                                                          * 
 * All Utility blocks were completed normally                               * 
 *                                                                          * 
 * All Convergence blocks were completed normally                           * 
 *                                                                          * 
 * All Calculator blocks were completed normally                            * 
 *                                                                          * 
 **************************************************************************** 
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